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A FORTRAN PROGRAM FOR THE ANALYSTS
OF LINFAR CONTINUOUS AND SAMPLED-DATA SYSTEMS

John W. FEdwards
Dryden Flight Resesrch Center

INTRODUCTION

A FORTRAN digital computer program is described which
analyzes linear continuous or sampled-data systems using
state variable techniques. Open- and closed-loop systems
may be analyzed using frequency response or transient
response techniques. Root locus and root contour options
are also available. Systems may be defined by inputting
explicit data matrices, by constructing matrices in user
written subroutines, or by specifying transfer function
plock diagrams. The program also allows the user to define a
system using a combination of the above methods. For
instance, the plant. may be described as a set of coupled
differential equations and its control system described by a
block diagram. The program allows the user to analyze such
a system withont converting the subsystems into a common

representaftion.

SYMBOLS
A’B,C,H,G,F; matrices used to define system
Kd,KZ,K3,K4,0 models
G(-) transfer function
I identity matrix

e fractional computational time delay

for sampled-data systems



NX,NY, Nu

X’?,V-
t
T

€

@)

&(t)
Subscripts:
com

EXT

n
Superscripts:

c

dimensions of state, output, and
input vectors

matrices used to define system inter-
connections for MIXED option

Laplace,‘}-, and w - transform vari-
ables

output and input vectors for block
diagram portions of MIXED systems

state, output, and input vectors

time-sec.

sampled-data system sample period-sec.

incremental time period-sec.

state transition matrix

integral of ¢(t)

command signal
external signal

time index for sampled-data systems

designates continuous subsystem of
sampled-data system

designates discrete subsystem of
sampled-data system

transpose of a matrix



PROGRAM DESCRIPTION

CONTROL is a FORTRAN digital program capable of perform-
ing general analysis of linearized control systems problems.
It utilizes state variable matrix operations to find system
eigenvalues, transfer functions, root contours, root loci,
freguency responses, power spectra, and transient responses.
Continuous, discrete, and sampled-data system analyses may
be accomplished. The data input format is quite flexible,
allowing data to be entered in matrix form, block diagram
form, general parameter input form, or a combination of these
forms. The analysis options available are listed in Table I.

The basic systems which CONTROL analyses are

Xz Ax + Bw (plant equation) (1a)
Y = Hx + Fw (output equation) (1b)
w= Kix + Dwcom (control law) (1c)

for continuous systems and

Xogy = A X + Bwun (plant equation) (2a)
Yn = H x. + Fuwn (output equation) (2v)
We= Kix.q DU\,_,,,,\“ (control law) (2¢)

for discrete systems. The state vector, x, is NX dimensional;
the output vector, y, is NY dimensional; and the input vector,
u, is NUJ dimensional.

To allow user flexibility, additional matrix equations
are used in the program for definition of feedback control

laws, etc., and will be discussed later. In all cases, the



system equatlons are reduced to the form of systems (1) or
(2) before being analyzed.

CONTROL program analysls is performed in the CNTRIR
subroutine which is diagrammed in figure 1. The use of each
subroutine is briefly described below.

CARD - reads data cards which speclfy program options chosen
LOAD, MATRIX, CHANGE, CLASS - data input subroutines
LOAD - reads data input matrices
MATRIX - a user written subprogram which constructs system
matrices from basic data
CHANGE - a user written subprogram which changes data already
in the program. Used for parameter variation studies
CLASS - constructs system matrices from data describing a
block diagram of transfer functions
SETUP - reduces input data matrices to the system equatlons
(1) or (2)
EIGEN - determines system eigenvalues from the A matrix using
QR-algorithm
ROOT - performs root loci analysis as a functlon of two inde-
pendently incremented feedback gains
NMRATR - determines numerator zeroes of transfer functions
defined by the NU inputs, u, and NY outputs, V.
FRQRSP - computes a frequency response at discrete frequen-
cies for each transfer function determined by NMRATR
PSD - computes a power spectrum of the transfer functions
determined by NMRATR assuming unity variance white

noise excitation



THIST - computes a transient response of the system at dis-
crete time points

INPUT - a user written subroutine which constructs the input

vector to the transient response
The CONTROL program is on disc in the CDC CYBER 70 system
and is called by the user with appropriete control cards. To
utilize the full flexibility of CONTROL, the user may write
several of the subroutines to perform data preparation for
his specific problem. These subroutines are:
MATN
MATRIX
CHANGE
INPUT
These subroutines may be compiled in SOURCE language.
llote that they are not required. These subroutines are
defined in the program on disc and are overridden by the
user's source subroutines. If a specific output format 1is
desired, any of the CONTROL subroutines may be modified by
the user and compiled to override the disc versions. A brief
description of the use of these routines is given below:

MATIN - Provides variable dimensioning capability. The size
of all arrays used 1in CONTROL is declared here and
passed through COMMON to all other subroutines.

Thus the size of the system matrixes may be quickly
and easily changed. The disc program 1s provided

with:



MX = 15 n + 1; n = dimension of maximum state

MY = 15 dimension of maximum output vector
MY = 10 = dimension of maximum input vector

MATRIX - A user written subroutine which constructs the sys-
tem matrices. For instance, MATRIX may read the
nondimensional aircraft stability derivatives, per-
form axes transformations, dimensionalize the deriva-
tives, and insert the proper numbers into the system
matrixes. General MATRIX routines are available for
the standard lateral-directional and longitudinal
linearized equations of motion which are generally
used at FRC.

CHANGE - A user written subroutine which changes specified
elements in the system matrices (which are already
constructed through MATRIX, LOAD, or CLASS). This
routine allows the capability of doing parameter
variation studies on a basic system configuration
without having to reload the problem data for each
varlation.

INPUT - This user written routine constructs the input vec-
tor for a time history calculation. Thus the user
may generate step, impulse, ramp, sinusoidal, random
inputs as desired. A basic routine which simply
reads 1 card for the input vector u is provided.

A1l of these routines have specified calling sequences which

are given in Appendix 1. Each routine has specific COMMON
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and DIMENSION statements which are required and which the
nser will not change. The structure of the CONTROL deck 1is
shown in figure 2. The job control language for CONTROL 1is
siven in Table IT. All figures, tables and information
required to set up data for the CONTROL proegram are gathered

at the end of this document for easy reference by the user.

CONTINUOUS SYSTEM MODELS

The basic continuous system model which CONTROL analyzes
is given by (1) and is repeated here:
x= Ax+ Fw
Y= Rx + Fw
w= Kix+ Dwncom
CONTROL analyzes three configurations of continunus sys-
tem models: open loop, closed loop, and root loci. These
three configurations are under the control of 3SYSTEM., For
ease in problem setup, the additional matrices D, K1, K2, K3,
K4, ¢, and G are defined.

Open Loop (SYSTEM = 1)

Cx = Ax + Bu (2a)
%=Hx+6:’<+Fw (3b)

Closed Loop (SYSTEM = 2)
cx= Ax + Bw (4a)
w= Kix+ K2X + Dwiom (4Dp)
Y = Hx + Gx + FW (4e)

Suybscript COM indicates a "command" signal. Note that the

7



inclusion of the C matrix allows inertial cross-coupling
between states. K2 and G allow for state derivative feedback

and output. D allows for controller interconnections and

feedforward galns.

CONTROL reduces the systems (3) and (%) with the sub-

stitutions -
A - C'a+ c'B(I-Kkec'B) (Ki+ Kk2C'A)
B — c'B(1-k2<'8Y D

W — H+o6ch+ (F+ 68T ke <'8)'D
F «— (F+6c'8)(T- ka<'8)'p

to the =system,
x*= Ax + Bw . (5a)
yz Hx+ Fug, (5b)

Note that (5) is identical to the basic system (1) with u

replaced BY Usqy- Obviously, for the open-loop system D = I,

K1 = K2 =90, and u = Unon
Ront Tt (SYSTEM = 3)
Cx= Ax + Bw (6a)

W = k,(Kix-r K2 %) +,:3<K3X+K4i) (6D)
This root loci model allows root loci as a function of two
independent feedback variables. The first feedback varilable
is defined by the matrices K1 and K2 (e.g., normal accelera-
tion = é(& - q)). X3 and K4 define the second feedback vari-
able (commonly K3 = K4 = 0). The condition codes NI, N2,
GATN1, and GAIN2 determine the locus gain and number of locus

points as follows:



~
0

o .
r % GAIN r:{ "’2‘)3;""3'\'1:
0, 1,2,4, .. .’ilwl‘ﬂ :

©,1,2,3, ..., N2}
= * GAINZ 't‘{ ’
kg = 0J;@4,ﬂﬂmq%

CONTROIL: computes the closed-loop system matrix as:

X = QAw
where

=1
A <— H/+8’(1"‘:K"h3kz) (h.K3 + "3K4)
A — A
R «— '8
K'e— k28
K* «~— K4 B’
k3 «— Ki+ K2A'
K e— 3+ K&A'
The eisenvalues of A are then determined to find the system

root locus. The zeroes corresponding to the first feedback

variable are determined by forming the observation equation:

\6= HX * Fwu

IK1+ KzA']
H= |22 R0
K3+ KHA

where

Ni >0

Ni<O

N >0
N1<D



A subsequent call to NMRATR then determines the zeroes.
NMRATR determines the zeroes of the transfer function speci-
fied by the first nonzero row of these derived H and F
matrices. If PLOT 30, an additional data card is required
for each root locus specifying the maximum and minimum
axis coordinates desired for the plot (see Table II).

The continuous system models given above are summarized
in Table III(a).

MIXED Systems

"his protlem formulation can be used to model a system which
is described by a combination of differential equations and
Laplace transform blocks. An example of such a system is an

aircraft-control system. The alrcraft equations of motlon are

usually known as differential equations while the control
system is often given in block diagram form. The MIXED option
gives the user the capability of easily modeling such a sys-
tem. This option, which is a great convenlence in analyzing
continuous systems, becomes indispensable in the analysis of
sampled-data systems. There 1t is used to correctly connect
the continuous and discrete subsystems and to discretize to
the continuous subsystem at the proper tlmes.

The MIXED option involves a two-step data input stream.
Tn the first step, the plant equations of motlon are loaded
as an open-loop system. The second step loads the block dia-
gram control system data (CLASS subroutine) and augments the

open-loop plant matrices with the control system dynamics.

10



Finally, the two subsystems are coupled together. The open-
loop, closed-loop, and root locus options are available with
the MIXED optiomn.

The CLASS subroutine may be used by itself to construct
state space formulations of systems described entirely by
block diagrams. The input format for the MIXED option will

be given after the CLASS loading option has been discussed.

DATA DECK FORMAT

CONTROL problem definition is accomplished in CARD.
Condition endes defining the analysis options chosen, data
input mode, and data handling procedures are read in a name-
1ist format (CODE). Each pass through CNTRIR (figure 1)
defines a case.

The CONTROL program data deck structure is shown in
figure 3. 'The title card, namelist CODE, output label card,
input label card, system data, and transient response input
data formets are glven in Table IV.

The format for entering data using namelist is illus-
trated in figure 4. Column 1 of each card must be blank.
Column 2 of card 1 begins the name of the namelist (CODE)
which is followed by a blank. Variable names in the namelist

n_n

must be right justified with respect to the sign, vari-

able values must be right justified with respect to the ","
sign and be of the proper type (real, integer). The namelist

data entry is closed by the code ",&END."

11



The analysis options chosen, data input format, and
system structure are defined in the namelist, CODE. The
variables which are defined by the namelist are:

Integer variables

READ, SYSTEM, OUTPUT, MIXED, DIGITL, FRPS, NUMERS,

' [RESP, NX, NY, NU, NXC, NUC, ZOH, N1, N2, CONTUR,

MULTRT, MODEL, NSCALE, CMAT, NK2, FORM, IPT, IGO,

SAV, TFLAG, READS

Real variables

DELT, FINALT, IFREQ, FFREQ, DELFRQ, GAIN1, GAIN2Z, M

These variables are described in Appendix 2. All vari-
ables are initialized to zero at the start of each case
(unless SAV = 1) and only nonzero variables need be defined
in the namelist.

For root locus cases in which plots are requested, one
card is required for each root locus by the plotter program
to define the jw scale on the plot. This card(s) follows
the PLOT CARDS card.

Figure 1 indicates that CONTROL will return to the top
of the program and look for more data at the end of each
case. Thus data decks may be stacked together to analyze

many cases on a single computer run.

DATA INPUT OPTIONS

The system data may be input in four different methods.
The control loading option is determined by the condition code

READ:
12



A4
|
2 ReAO= 3

N

LoAD MATR 1 X CHANGE CLASS

la.

CHANGE (READ = 3) The CHANGE option is meant to be used on
cases following an initial case. For instance, on case 1,
the system matrices are loaded or constructed in LOAD,
MATRIX, or CLASS. These "original" system matrices (as
defined at point (a) on case 1) may be saved and made avail-
able at point (b) in case 2., If CHANGE is utilized in case
2, the "original" system matrices may be altered as desired.
Thus a parameter variation study may be accomplished using a
simple CHANGE subroutine.

The remaining three options--LOAD, MATRIX, and CLASS--
will now be described.
LOAD  (READ = 1) The subroutine LOAD reads explicit data
matrices under the control of the condition codes. Each
data matrix (e.g., A) is read row by row with an (8F10.4)
format. FEach data matrix must be preceded by a dimension
card (2I10) giving the number of rows and columns in the
matrix. For example, a 5 x 5 matrix would require 6 data
cards (1 dimension card, 1 card per row) while an 8 x 9
metrix would require 19 data cards (1 dimension card, 2 cards
per row). The matrices required are listed in STEP 1 of

Table V.

15



MATRTX (READ = 2) MATRIX is a user written subroutine
which constructs the system matrices required by the condi-
tion codes. These matrices are the same as those given in
STEF 1 of Table V. Data defined in MATRIX are not destroyed
by CONTROL. Thus the user may input data to the MATRIX sub-
routine for case 1 and reuse the data on subsequent cases.
CLASS (READ = L) 1If READ = 4 the system matrices are con-
structed in CLASS from block diagram input data. If MIXED = 1,
the control system dynamics, in block diagram form, are added
onn to the plant dynamics by the CLASS subroutine. Thus the
CLASS subroutine has a dual function in CONTROL. In both
cases, the data format describing the block diagram is the
same. The data format is given as STEP 2 of Table V. Two
optioris of inputting the block diagram information are pro-
vided. The first option describes the block diagram by
inputting the transfer function polynomial coefficients
explicitly for general fourth-order transfer functions. The
second option allows the user to pick standard form constant,
first-order, or second-order blocks to describe the system.
These blocks are derined by a small number of parameters and
are ;2l.en In Tsble VI. The first option is used only if a
particular transfer function form cannot be found in Table
VI. The first option will not be described. A description
of the second option begins on page 21.

The data required to describe a system given entlrely
by block diagrams are summarized below. The additional data

pequired if MIXED = 1 will be described later.

14



NBLOCK = No. of blocks in block diagram

GRAPH

BLOCK

NUMER

DENOM

CATN =

Il

Integer matrix describing interconnection of blocks
Integer matrix describing dimension of numerator
and denominator polynomials of each block

Matrix of polynomial coefficients of numerators of
each block (ordered from s° —= sm)

Matrix of polynomial coefficients of denominators
of each block (ordered from s° —s s")

Vector of gains of each block

15



TTHINY = Integer vector describing which block outputs are
to be saved in final H matrix

Allowable forms of blocks:

Form
1 K(bmsm'\'bm.\sm"*....* b|3"’bp)
> (<)
o\—“S“‘iC\,‘.‘Sh-]* o a0 @ -? &\5"1’ &o
n-l
K(b'\snﬁ b“_)g ¥ o *b‘s*b°\
2 e
Ovn S“ > G\h_\s“'\ PO | Q,S‘f oo
3 —> K5

Restrictions:

a.) Inputs into a type %,) block must be outputs of a type
1.) block.

b.) ng b

c.) Number of blocks § 20

Interconnection of blocks:

The interconnection of blocks may be described with the con-

cept of internal and external inputs to a block:

Tnternal input - an input which is an output of a block in

the gystem.

16



External input - any input other than internal inputs, desig-
nated by v . The input to any block may be the sum of three
or less internal inputs and one external input.

E7R

) > — >

3 o

Wy = i"li}/&.i%'}i}m

The + indicates that either sign may be used on any of the
inputs. Whenever an external input is defined, a summing
junction is implied at the input to the block.

Problem formulation

1. Label the outputs of the blocks consecutlvely 3;, 1=1,2,%3,....

2. Label the external inputs consecutively v, j = 1,2,5,...

%. Construct the GRAPH Matrix (dimension NBLOCK x 5) where
NBLOCK = number of blocks in the diagram:

|
1
{
|
GRAPH = ;
|

i
!
1
1
i
!
|
[

BLOCK IWTERNAL U exveenan
NO. 1 RPUTS LA

17



A simple example will illustrate the method:

v , -g___% b

g

¢

) -2 -1 o |
2 | O o O©

GRAPH =

Note that negative inputs to summing junctions are indi-
cated by the negative sign attached to the input label.

The following input data describe the internal composi-
tion of each block:

BLOCK - Describes the number of coefficients of the numerator
and denominator polynomials which will be loaded (di-
mension NELOCK x 3). The first column contains the
block number (the sequence must correspond to the
sequence of the first column of GRAPH). The second
column contains the number of numerator coefficients
to be loaded. The third column contains the number

of denominator coefficients to be loaded.

T

example: 5(Sa-r33'-1>

s+ 4,257 -35 +10

25
S+ 25

—>

—> e 12

— K, pb—> %3

18



3(s+10) %
S+ 20 :
S
— %b
S+ 4
BLOCK = 1 3 5‘
2 1 2
3 1 1
b 2 1
5 2 2
2 2
| © |
Note that a constant block K is treated as K%.
Also
_ |k (s+0)
Ks| = |——
i

NUMER (NBLOCK x 5)
NUMER contains the numerator coefficients.

For the above example:

: - -
NUMER = -1. 3. 1. 0] 0
25. 0 0 0 0
1. 0 0 0 0
0 1. 0 0 0
10. 1. 0 0 0
0 1. 0 0 0]

19



DENOM (NBLOCK x 5)
Denom contains the denominator coefficients.

For the above example:

DENOM = r-]_O. -2 0 2. l.‘
25, 1. 0 0 0
1. 0 0 0 0
1. 0 0 0 0
20. 1. 0 0 0
L L, 1. 0 0 0
A

GAIN (NBLOCK)

Gain is a vector containing the gain constants of the blocks.
For the above example:

GAIN = [ 5 1 Kl Ky 3 l]
ITHINY (<« NBLOCK)

In constructing the system matrices, CLASS constructs the

output equation
y = Hx + Fu

where y 1s an NBLOCK vector. That is, the output of each
block is defined as a component of the y vector. Ofdinar—
ily, the user will want to study only a few of these outputs.
The ITHINY vector "thins" out the y vector. For the above
example if;

wHINY = [ 1 3 4]

t
then yt= (29, Z35 zy)

20



The second option of defining a block diagram will now
be described. This option allows the user to pick standard
form transfer functions given in Table VI to describe the
block diagram. Only one data card per block is required to
describe the system. The option is chosen by setting NIT = 1
on the first card of STEP 2. The data required to specify
each block are NUM, TYPE, CONNEC, MOD, PARAM where

NUM is the block number.

TYPE is the type of transfer function from Table VI.

CONNEC specifies the connections between blocks and the

external inputs. (This is the last four columns
of GRAPH.)

MOD specifies whether the transfer function is an s,%,

or w -transform.

PARAM ,ives the parameters defining the block as indi-

cated in Table VI.
Following the cards giving the above data for each block, one

card for ITHINY is read.

example: set up the input data required to describe the system

32 32
Y'——-»- 3 z‘_.@,_, H (l*s/Z) 252' B
', (14 Shv) st+2(Nass+25*
3
—2‘ -
35 5 i
S+ .l

21
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The data required are

10.

25,

AR

NN

22



CLASS constructs a state space representation of each indivi-
dual block using the phase variable canonical form. For

example, the first block of the previous example:

§(s?+35 - 1)

G(s) = 5
SsH428°-35+10

is modeled as

x= Ax + Bw

= HXx + Fw
where
[ O 1 0 Oq [ O-
0 O 1 0 0
A = R =
0 0 O 1 0
L-lO 3 0 _2, Ll_
=[5 15 5 o] F = [o:

CLASS constructs the state space representation of the entire
block diagram in the following manner:

1. Write the output vector of the collection of blocks as
C3 = Hx + Fv
-1 -t
%= C Hx + C Fv
2. Write the state equation describing the iInternal struc-

ture of each block (in phase variables) ignoring all con-

nections between blocks and defining the "internal" input

2>



vector, u

x= Ax + Bw

3. Define the connection matrix, G, as
w= G2
where
G(x, GRRPH(A,'D) =1 i GRAPH (;,‘\\ $0 Jb-'a,?,‘i
=0 other wise
4. Couple the blocks together as

x=(A+ Bacl'H)x + (BGCF)v
y = (') x ¢+ (C'F)v

The process of constructing the state variable representation

is illustrated in the following example.

example: The operations described above will be performed

f'or the system in the diagram.

) B2
1
. (&
S
— K Tg& s 1bs+c
33
-5\
35 " B 3In
S+te _E?;_

24



1 0 0 0 1
2 1-3 5 0

3 2 0 0 O

y 2 0 0 O

L5 4 0 0 O

GRAPH =

Write the output equation.

1.

do Qo 00 -
U go00-9
o -89
0 ~0x0

e v

+

o o O]
o. 0 o

-

O =-a. O] X

Write the state equation of the uncoupled blocks.

2.

25



3.

L,

A x
o 1| ©
-c -b (o]
o o —-€

X
X,
X3

Write the connection matrix.

u

Ceo—a0

Couple the blocks together.
(A+ B&C'R) x + (B6C'F)v

A

X

o
—

&)
-c

O.Kz

} O
-tb) 4
8 -e

26

X

-f

Ky
O

v—




MIXED INPUT OPTION (CONTINUOUS SYSTEMS)

Mixed systems are characterized by having a portion of
the system described by a set of differential equations and
the remainder of the system described In block diagram form.
The MIXED input option allows these systems to be analyzed
without requiring the user to convert the system into a com-
mon representation. Typically the plant equations of motion
are given and the control system is represented in block
diagram form. The MIXED option constructs the state space
representation of the system in a two-step process, the first
step defining the plant and the second step augmenting the

system with the control system block diagram data.

————) PLANT

<~

PO (— /
C————T—_ SYSTEMN

The input-output pairs for the plant and control system
are designated (u, y) and (v, z), respectively. The state
of the plant is Xy and the state of the control system is
X9 The blocks YTOV, ZTOU, and YZTOK in the above diagram
are additional connection data required by CLASS. They are

used to connect the plant and controller. YZTOK defines a
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feedback gain matrix to allow a conventional root locus to

be performed while connections specified by YTOV and ZTOU

are incorporated directly into the total system A matrix.

Table V indicates the input data required for the MIXED

optiaon.

STEP 1

STEP 2

The plant is modeled as an open-loop system regard-
less of the value of SYSTEM. (In this case, SYSTEM
refers to the total, augmented system).

C,iq = /Q,i,'+ B, w,

% = \*\X| 1 (S}i' + Fn

The quantities WX, NY, NU in the namelist must refer
to this step. Additional dimensions required in step
2 are added by the program.
The control system is modeled by CLASS in the same
manner described in the previous section. The
required data are:

NBLOCK, GRAPH, BLOCK, NUMER, DENOM, GATIN,

ITHINY, ITHINU, NYTOV, NZTOU, NYZTOK, YTOV,

ZT0U, YZTOK.

The first seven quantities were defined in the last section

while the remaining quantities specify how the system is

connected.

ITHINY - Integer vector numbering, in sequence, those com-

T
ponents of the augmented output vector <%T;§T)

to be saved for analysis.
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TTHINU - Integer vector numbering, in sequence those compon-

NY1OV -
NZTOU ~

NYZTOK -

YTOV -

Z7ToU -

YZTOK -

ents of the augmented input vector (J?,v“fT to be
saved for analysis.
Number of connections from 4 to v .,

oo " 3 to w.
Numnber of feedback paths defined (with root locus
option, the first connection specifies K1 and the
second connection specifies K3.).
Tnteger matrix of dimension (NYTOV) x 2. Each row
of the matrix describes a connection from y to V.
The first element of a row specifies the component
of y to be connected to the element of v specil-
fied by the second element.
Tnteger matrix of dimension (NzTOU) x 2 spécifying
connections between z and u 1in the same fashion
as YTOV.
Integer matrix of dimension (NYZTOK) x 2 specifying
a feedback gain matrix. The first number of a row
specifies which element of the augmented output
(L{,%fj‘ is to be fed back to the element of the
aurmented input (LE,VJ)T specified by the second

number of the row.

Note that numbers in YTOV and ZTOU refer to indexing in

the individual vectors L&,V,\a,'%_ while numbers in YZTOK

refer to

(j;)igg

indexing in the augmented vectors (ul,\r‘ )T and

In all cases, the indexing is specified
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before any thinning of the output or input has occurred.
The CLASS subroutine constructs the state space repre-

sentation of the control system with the above data. The

gystem 1is:
Xz = Ayx, + B v

3 = HaXxa t | 29%

The total system, at this point, is in the form of

uncoupled diagonal blocks:

-‘1 - Tr 1 r - r

X| 'O A )

—_— L) { B(i o) W

S R EATRRA | o R LTI | A
| Xz | 1[G A fxa o B V|

_ - _. T ) -

-.§} H, O] X F ; Sl lw

- = “"-'-"' - <+ -——T -—— (7b)
% o Hz. Xg olF?. v

where the dimensions are

X, = NX
xa - NXxi
% - NY
3 - NY4
w ~- NV
o - Nul
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U NXT= NX + NXA

-s=] - NYT= NY &+ NY)

—-| - NuT= NU WUl

The last three vectors above are the augmented state,
augmented output, and augmented input vectors, respectively.

The system 1s now coupled together using YTOV, ZTOU, and
v7TOK. The connections between the augmented input, state,

and output vectors may be diagramed as follows.

wl

VT
A o ,' R| Ueo
S R A L
\r Rg_’ O % UC-DM
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where subscript "com" designates an external "command" input.

The dimensions of Rl’ R2’ and S are

R, - NU = NYA
R, -~ NVl x nNY
S - NUT «x (* of elements in ITH'Nu)

Rl, RZ, and S are constructed according to the rules:

Lo if 1Tom<u,n--3 and ZIOW(R,2)a 4L | k=12, NTIOW

A O otherwse

Lo if YOV (k)= 3 and YIoV(le,2)= i ;5 = 12,. .. NYTOV

Y'z =
J"s (&) oﬂntrw\sg

Lo it = Thmwly) oy 5N,
S_‘;d‘:

o otherute

The submatrices Rl and R2 will be used to couple Al and
A2 while 38 1is used to thin out the augmented input vector
of unnecessary inputs. Unwanted outputs are thinned out at
the very end by simply deleting rows of the final H and F
output matrices (ITHINY).

The six partitioned matrices in (7) and (8) are defined
to be A, B, H, F, R, and S and the system of equations is
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reduced to the basic system (1) with the substitutions
- {
A <— A+ BR(I-FR) R
-)
B «—— BR (ZI-FR) FS +BS
w
H «— (I-FR) H
-1
F e« (1-FRYFS
Now YZTOK is utilized to construct a feedback gain matrix if
a root locus is desired. The feedback control law is
w= O KAX + X
The feedback gain matrices, K1 and K2, are constructed by

the rule:

"

let YZTOK (1, 1) = 1

YZTOK (1, 2)

J
then the jth rows of K1 and K2 are copied from the
ith row of the output matrices H and F. Thus feed-
back is defined from the ith output to the jth
input.
If SYSTEM = % (root locus) a second row of YZTOK (if any)
would be used to construct a second feedback variable into
K3 and K4, which would define the second feedback of a two-
dimensional root locus.
If a root locus is desired in which feedback is defined
to the jth input, then the jth input cannot be thinned out
of the system (i.e., j must appear in ITHINU).
If SYSTEM = 2 (closed loop) any number of feedback paths

may be defined in YZTOK.
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example: Set up the system indicated below using the MIXED

option == - - - — - -

+ S+ &

S+ b

The plant is described by a first order differential equation
(STEP 1) and the control system is described by its block

diagram representation. Redrawing the diagram:

VT %' %" \.L| ‘3‘1
—> K cC > —> je—oxtw. —>
+- S+C
33 v
b
S+ b

GRAPH = |2 | =2 o O
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a. If a closed-loop analysis is desired
yrov= [ 2]
zow: [2 1)

will connect the system correctly.

b. If a root locus is desired

yrov = [} 2]
yak = [3 1)

will provide the required feedback matrix (alternatively
zrou = {2 1), vzrox = (1 3] will also give the desired
locus, defining the feedback at a different point of the
system).

Returning to the closed-loop system of a., the resulting

closed-loop system will be:
Wy

3‘ %'L ‘?l

- O REWN

Y

-
It

33

S+ )b

with Wy

b 13)
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Notice that the connections defined by YTOV and ZTOU create
summing junctions. Following the connection of the system
the input label (e.g., V3 ) refers to the "external input" to
the summing junction and not to the "error signal" (output
of the summing junction). In many cases these external
inputs are not of interest and will be thinned out with
ITHINU, Similar thinning will usually be done on the output
vector. For instance

ITHINU =[2]

rTHINY = (1]
results in the system
U_! c | "3'
— K —2l
+ S+ C S 4 oo
b -
S+4b

example: set up the system of the previous example to do a

root locus

SEEEN > ] kot
+ S+ C
33 vy
b
p———
Sth
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The above system can be put into the standard root locus form
by defining

voov = [1 2]

vzrox =[5 1]

This results In the system ]

v £Y) 32 + | (L

+ |
c
—_— f——2 ‘ — Suy
K +- S+ C Kl S+ GC
33
b

<+ +

S+tb f

Y2

where K1 iz the root locus gain. For this system ¥} and vy

may be thinned ouf but w,cannot be thinned out since a feed-

back variable has been defined to 1t. No nutput equation is
defined for a root lnczus case, but the Qpen—lonp>zeroes of

%z due to an input at W, will be determined.

example: Suppose that STEP 1 of the MIXED option has defined
a model of the lateral-directional dynamics of an airplane

(A, B, H

10 s Fl) with the plant input and output vectors:

1 ’

SN r
W = - | \& = @
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It is desired to add a control system with actuator dynamics,
roll rate, yaw rate, and sideforce feedbacks, and an alleron-
to-rudder interconnect. Finally, a root locus of the roll
rate feedback is desired with the yaw rate and sideforce

feedback loops closed. The block dlagram is:

32 V3
~ <« (P)
\rl
» 3 (6 .
ba..) - N ‘
. 3 T wjen
(Sve) X,
35
| v;
< i e (v)
+

Jj
5 vki)
(The internal dynamics of the blocks are not considered in

this example since we are concerned witn the method of con-

necting the system together.) The augmented input and output

vectors are - -
R p
So r
Sv s
¢
_ | Be a
W = sﬂc 'a = - -
p Sl
r $r
. B
L J 3
}b
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The pertinent input data are

1 0 0 0 1
2 4 5 6 5
5 0 0 0 3
CRAPH =
Y o o 0 2
5 1 0 0 O
6 0 0 0 4
L N
(3]
YTOV = 2 4
5 5
L ]
(1 1]
7TOU =
2 2
YZTOK = 8 3

The loading options which have been described above are sum-

marized in Table V.

1. If READ = 1,2,3 and MIXED = O, use 3TEP 1 of Table V.
The required matrices must be defined via LOAD, MATRIX,
or CHANGE.

2. TIf READ = 4 and MIXED = O, use only STEP 2 of Table V.
The required matrices will be constructed in CLASS from
the block diagram data (GRAPH, etc.).

%, If MIXED = 1, the open-loop plant is defined by STEP 1
of Table V and the control system block diagram added as
STEP 2 of Table V. In STEP 1, define the open-loop
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plant as if SYSTEM = 1 regardless of the actual value of
SYSTEM. SYSTEM, in this case, refers to the augmented

system.

DISCRETE SYSTEM MODELS
If a system is known in a completely discrete form, then
the system can be described by a combination of the vector

difference equations,

Xney = A xn + Bug, (10a)
Wy = Ki Xy + Duw,‘“ (10b)
Yn = AXxa t Fu, (10¢)

The matrices G, C, K2, and K4 are not defined for dis-
crete systems. This model is algebraically equivalent to
the continuous system models (3), (4), and (6) and allows
open-loop, closed-loop, and root locus models to be defined.
The same computer algorithms which were used to generate
eigenvalues for continuous systems can then be used for the
discrete system. The resulting transfer functions are Z-
transform transfer functions. The vector output sequence,
%", corresponds to the continuous system transient response
and may be generated directly from equations (10). The name-
list parameters are defined in the same fashion as for con-
tinuous systems and all of the analysis options are avallable.
To specify completely discrete system analysis, set DIGITL = 2
and DELT = T where T 1is the sample period. The completely
discrete system models are glven in Table IITb. Frequency
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responses arc generated in the w-plane by means of the

bilinear transformation

- 1+
3= e

g

SAMPLEFD-DATA SYSTEM MODELS

Sampled-data systems are composed of a continuous dynami-
cal subsystem and a discrete subsystem. The continuous sub-
system is called the plant and the discrete subsystem is
called the digital controller. Usually, but not always, the
digital controller will be a dynamical system. To analyze a
sampled-data system, the continuous plant must be discretized
so that the two subsystems have a common representation.
Careful attention must be given to the structure of the system
in this discretizing process and the interconnection of the
two subsystems. The MIXED option assumes a central role in
the sampled-data analysis with the YTOV, ZTOU, and YZTOU
options used to define the connections between the subsystem.

The sampled-data system is block diagramed in figure 5

in which Dﬁg) is the digital controller described by the

triple (w‘.‘, x‘i, 104“) and G(s) is the continuous plant
described by the triple (\kﬂ XF, &? ) . The plant and

disital controller dynamics are given by

i

¢ Acx + 8, W (11a)

4 Hex + Fo o (11b)

b1



4 d d

K““ = Ad X 4 Bd w. (12a)
d

uw = Hy xRt Fyud (12b)

The dimension of X is NXC and the dimension of W is
NUC. (The Gx term in the output equation for %c is
allowed and has already been eliminated in equation (11)b.

These two systems are combined in the partitioned matrix

form, . - - - 4r -
S I L R A T
| X o A; | lo B, W | (128)
-:ac 1 ‘¥% C>- ‘XLT i o CD— 'uf ]
31T AL | 4 L s [
A N A B i I

Thus the order of the augmented state and output vectors 1is

(a) plant states (outputs)

(b) digital controller states (outputs)

CONTROL discretizes the upper left hand (NXC) x (NXC) sub-
matrix of the augmented system A matrix.

The plant 1s generally assumed to be an open-locp system
but analog feedback loops may be defined within the plant.
Any such analog feedback must be defined explicitly in the
plant A matrix,in YTOV, or ZTOU. Analog actuator dynamics
and sensor dynamics are included in the plant. Actuators
and sensors may be modeled in block diagram form using the

MIXED option. The digital controller will usually be comprised
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of a summing junction and digital filters. External inputs
to the plant and digital controller may be defined. External
inputs to the digital controller are considered to be
sequences of numbers, vct‘g“ , separated in time by the
sample period, T. External inputs to the plant, \J:g;t s
are considered as sampled continuous inputs. The inputs to
the plant are comprised of the outputs of Lhe digital con-
troller and the sampled external inputs. These inputs may
be applied to the plant as

(a) outputs of samplers (pulse trains)

(b) outputs of zero-order-hold elements,

‘he sampled-data block diagram of fipure 5 is capable
of representing a wide range of sampled-data systems. Figure
6 shows several of the possible configurations. TFigure 6(a)
shows an oper-loop plant with a sampled (pulse train) input,
figure 6(b) shows a closed-loop plant with a sampled error
signal, figure 6(c) shows a closed-loop plant with digival
compensation in the feedback path, and figure 6(d) shows a
closed-loop plant with digital compensation in the Torvard
path. Questions arising in the analysls 5f these systems
involves the stability of the closed-loop system, the system
rransient response, and the synthesis of {digital) control
sys.ems. ihe CONTROL program allows these gquestions to be
suudied using the }~plane root locus, the w-plane frequency
response (both standard and modified 3-transforms), and the

system transient response.
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In order to perform this analysis, 1t 1s necessary to
discretize the plant to obtain a discrete system model of
the entire sampled-data system.

The form of the input function determines the proper
discretization of the plant. CONTROL treats the first ZOH
elements of W as inputs from zero-order-hold elements and
the remaining (NUC - ZOH) elements of W  as sampled inputs.
Thus the ordering of the augmented input vector is

(a) zero-order-hold inputs to plant

(b) sampled inputs to plant

(c) discrete inputs to digital controller

CONTROL discretizes the upper left hand (NXC) x (NUC)
submatrix of the augmented system B matrix. The first ZOH
columns of the submatrix are discretized to account for the
zero-order-hold efrect and the remaining (NUC-ZOH) columns
are discretized to account for the sampling effect.

The system which results from the discretization of the

plant is block diagramed in figure 7. All of the sequences
d

Ae ?

¢ ¢
Xn 5 Yn , etc., are defined at the same instants of
time

t =l wn=o0,,2,....

However, since the system actually contains a continuous sub-

system which has a continuous state trajectory it is necessary
. . ¢

to define the exact meaning of sequences such as Lan . For

. < . .
instance, \é“ has the two interpretations

Ly



+ [
Yo = Liren (nT+€;) e, >0 (14a)

ez—-,. (o]

‘3{\ = %c (nT= el) €,%0 (14D)

Which of these two definitions is used has an important

bearing on the resulting discretized system. The CONTROL
Trogram assumes

X T L x(nT-€) £>0
E—>»0

W, = \,\c(n'\')

The interpretation of these definitions is that; the state,
xc“ , is defined at time £ *wT oprior to the application

of the input, W, . The updated input, W, , is applied to
the system at the sampling instant, to2nt . Thus all events
are timed with respect to u\_cn as occurring before or after
the application of v\‘,,

Figure 8(a) shows the time sequence of events in the
complete sampled-data system. At t=w\-¢ , the plant is
sampled to provide uécv: and \Ad"t“ is input to the digital
centroller. Following the computational delay, &, > the
digital controller output, ‘3&“ , 1s updated (using \ac'“ and
‘*':xt“ ), the plant input, \Acn , is defined (using \ad“ and
w:*t“ ) and applied to the plant. At t = w\+€&, the plant
output 1is \ﬁc: . The time delay €, may be regarded as
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an infinitesimal (i.e., the limit goes to zero in eq. (1k4(a))
since the plant responds instantaneously to ufh . The time
delay €, cannot be regarded as an infinitesimal since the
digitel controller requires a finite time to compute the
update. ‘6&"' However, if €'<<'T it is customary to
assumne €,—» D

Figure 8(b) shows the idealized time sequence for the
sampled-data system. In this idealized model, events occur
only at the sample instants and they occur instantaneously.

To illustrate the discretizing process an open-1o0p

[
3
l S
w(t) w {

| | "6 ()

S+t o

first order system will be analyzed.

4\

The state equation of the plant driven by the inputer train is

X = —0X +W

w = \A.* - UL(‘L) S(t‘h-r') n0,1,2, ...

The solution of the state equation for O &t <T is

i
)= B8 x, + § M) w0 dn

B R P T IWG TS
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~at -at
—_— e xb + e \.&o

and in general

- -T - .
X“_“'-: X{(hﬂ)ﬂs e XxXat € Won (15a)

The output equation depends upon the cholce of output;t}; ov 1;‘.
a1t =wT-e (€%0) W=0 ond

Yo = X (15p)
At t=wT+eé the impulse at tenT will have changed

the state X to

nité
x: = x(w\1+e)= Lo [Cble)"h + Sd}(ﬂ-\e—‘f)uﬁ?(ﬂd'\']
€—’>O’ WY

< dim (B0 xa1 0O

E—> O

since d)(b) =4 and \A* (T‘) = Wy S(Q'Yﬂ)
The output la: is then

\3"“ = Xt Wn (15¢)
since U\(\‘\‘HE\‘—' o
The discretized system is given by equations (15a) and (15b)
ir LG._“ is chosen as the output, or by (15a) and (15c¢) if ‘3:\
is chosen as the output. The corresponding %-transfer func-

tions are
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-oT

e , -
G—(%) = —%—_-;:;7 i€ Yn = YUn (16a)
G(%) = —TE_—;.‘T i€ Yn = ‘a: (16v)

An interesting result of this example is that (16b) is the

standard 3~transfer function (pulse transfer function) of

&(s)=

. Thus to generate standard 3—transfer
SHa

functions for the plant (11) the following convention should

be used:

YUn = »a: = \.a(n‘f-re) (17a)

-

XnE Xp = x(nT-€) (17b)

Although this convention will generate correct pulse transfer

functions, it is not the convention required for analyzing

closed-loop sampled-data systems. This is evident from the

following example.

v(%)

u*(t)

96)

-

k1
_—’,
+ T S+aC

This system is replaced by the equivalent discrete system:

Ay

n Wn ‘6n
+ ) 5—3“” ~
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<+
whose state equation is (assuming \a“= Un )

- -
Aoy = € Xy t @ W

‘ﬁ.“" X“ % W

The control law is W= T~ Yn= n= X~ YUn

This control law 1s nonphysical since it requires the digital
corntroller to compute, at t=wl~g , a control law requir-
ing data not available until t=w\ (see fig. 8). Thus for
a closed-loop sampled data system the convention \6“ = \a:
can lead to a nonphysical realization of the system. The

correct convention for closed-loop sampled-data systems 1s

Yo = Yn = ylri-e) € >0

since this equation revresents the measurements (observations)
available to the digital controller at the time at which it
mist compute the control law.

Table VII 1ists the correctly discretized plant models
for the variocus input and output definitions. Table VII(a)
gives the models for the output convention YaZ \6-‘_\ and
Table VILDb) gives the rwdels for the output convention y = \a:
Tn Table VII(a) F = O. This is required for the pulsed input
since a continuous system with F$# O cannot be driven by a
pulse train. The Z0H input system (TableVII(a)) cannot
have F3 O since this would make ‘6“ dependent on VS
and the analysis options of CONTROL are not applicable to

such a system.

49



The only differences in Table VII(a) and (b) are in the
direct feedforward term of the output equations, It 1s
interesting to note that these terms in Table VIIb) ( HB wn
for pulsed inputs and Fwe for ZOH inputs) will be zero
if

a. all input-output transfer paths have at least 2

more poles than zeroes for the pulsed input system

b. all input-output transfer paths have at least 1

more pole than zeroes for the ZOH system.

Inputs from digital controllers to continuous mechanical
plants are almost always applied through zero-order-hold
zlements whose outputs drive actuators. If actuator dynamics
are included in the plant then there will always be at least
1 more pole than zeroes for all transfer paths and there
will be no difference in the two Z0H 1nput cases of Table

vII{a) and (b).

From Table VI the operations required to discretize the

continuous plant are now apparent. CONTROL replaces the

augmented system model of equations (13) with

][4 o) [esdised: of [ealpure
_x‘hﬁu _O ; 'A-;_ Lx‘:... - o_--"- .CD--‘)..B; L.u.;
], [ndo][4] Jwlmagio |[«] 0
;.\&d"_; Lo :HJJ th\J L..o”{-c;-l;;‘--w“




The partitioned submatrices ([@3"] )‘_¢BA )[FA )[HCBA) are
interpreted as follows: The first NXC rows and ZOH columns
of @ BG are copied into the corresponding location of the B
matrix, etc. At this point the sampled-data system is com-

pletely discretized and is given by

Xng) = Axg + Bua (192)
4o = Hin + Fua (190)
where the augmented vectors and matrices are:
X s '
An= x8 Wn = we, Un = »;“

b ! o @8] (48] ! ©
A O ;Ad 5 o | © 'l Bd

.

n
l

H= |Hei © - |FEl) ke o
o | HJ 0O o "Fd

In light of the preceding discussion concerning the
possibility of defining nonphysical feedback control laws,
the submatrices [F;] and {HCBJ must be interpreted
carefully. CONTROL does not use [Ft.] or [H{_Bc) to
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define connections from the plant to the discrete subsystem

or to define sampled-data feedback laws. This amounts to using
ta::-:\ac(vﬂ-e) instead of \{:: ‘bl‘““é\ for these connections.
These submatrices are used in computing %—transfer functions,
frequency responses, and transient responses. Thus pulse
transfer functions such as that of the above example can be
computed. This completes the discussion concerning the dis-
cretization of the plant dynamics.

The sampled-data system has been reduced to a set of
uncoupled matrix difference equations (19). The remaining
step in the definition of the system is the method of con-
necting the digital controller and the discretized plant.
These connections are best illustrated by the following exam-
ples. The examples illustrate the varlous possible combina-
tions of continuous and discrete subsystems. FEach example
contains two systems. The appropriate uncoupled state and
output equations are written for each example followed by
the equation giving the connection between the two systems.
The state equations are discretized, the connection equation
incorporated at the appropriate time, and the final coupled

discretized system is given.

he



example:

equations for the following systems.

Determine the properly discretized and connected

a.)
Bin
r.J/__=, - —//-—au?an
W, u’n \6‘ : o | .a
1| ! 2
/ 1 | ,
— > >
S+ 0. S+b
1. Original system.
(%] [-o o][x,]
XS X I & [w
. -+
hxz_‘ _ o —bd _xl_ O , “z
Y _ ! OT X,
(%] [ © 1] %2
2. Connection equation. _
x
|
W, = = [} o
2 B ] Xy
4. Coupled system.
X - of | x |
- | = + w
X, I =b||x, ol
4, Pinal system.
- - o —ﬂ - r [‘ ‘&T-
x“nq) - LA o Rin
@ =61 _ T + I}M“]
_xznnj e -¢ e x"ﬂ 0
| (b-a) JL | i ]
r ] - r - - -
= + 'n
o l X lo/
L \61“_‘ | J1L 7—“-‘ ! J




b.)

]
r. _/_,‘3 n - _/ _‘,_\62“
| |
w) . 13 We | MVa
R RN P 1 >
S+ s S+ b
1. Original system.
= . h = "1r '-1
. = b +
| X2 | O -9 X, O 1] | w,
ORIt
-
2 () N1 x
| 22 X 4L
2. Discretized system.
i ] [ - ] [ Y 1r T
- 5 bT t bT
x —
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A close study of these examples reveals that:

i.)

ii.)

iii.)

Connections between two continuous systems must be
made before they are discretized (a).

Connections to a continuous system from a sampler,
zero-order-hold, or digital system must be made after
the continuous system is discretized (b and d). Such
a continuous system must have an input defined and
the connection to the input is specified in a "feedback"
gain matrix.

Connections to a digital system from a continuous sys-
tem may be made either before or after the system is
discretized (c¢). The discretization has no effect on
the connection eguation.

Connections between discrete systems may be made at
any time since the discretization does not affect

these systems (e).

SAMPLED-DATA SYSTEM ANALYSIS USING THE MIXED OPTION

The use of the MIXED option of the CONTROL program to

model sampled-data systems may be described now. The MIXED

option involves a two-step process in which a set of linear

differential equations are augmented with a block diagram

control system.

Sampled-data systems involve a continuous subsystem,

the plant, and a discrete subsystem, the digital controller.

The CONTROL program constructs the sampled-data system model
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by def'ining the plant in STEP 1 and the digital controller in
STEP 2 of the MIXED option. Tt is not required that the plant
correspond completely with STEP 1 of the MIXED option. For
example, the block diagram control system (STEP 2) may con-
tain a mixture of Laplace transformed blocks (actuator and
sensor dynamics) and 3-transformed blocks (the digital filters
of the digital controller). The Laplace transform blocks are
thus part of the plant. Conversely, difference equations
defining digital filters may be written expliclitly in the A
matrix in STEP 1. The required ordering of inputs, outputs,
and states is given in Table VIIXa). This ordering produces

a preliminary sampled-data system which is a composite of

the system of equations (7) and (1%). (Due to the possibility
of defining part of the plant in STEP 2, the correspondence
between vectors (e.g., X, in eq. (7) and x¢ in eq. (12)) is
not exact.)

This preliminary system is connected together by connec-
tions specified in YTOV, ZTOU, and YZTOK. In light of the
results of the examples given above, provision must be made
for making some connections before the plant Is discretized
and “he remainder after the discretization. To achieve this,
the following sequence nf operations is performed:

1.) YTOV and ZTOU connections completed
) plant discretized
1ii.) YZTOK defines feedback gain matrix, K1

)

feedback gain matrix, K1, incorporated into total
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system A matrix (closed-loop analysis) or used to

perform a root locus
Thus connections which must be completed before the system
is discretized are defined in YTOV, ZTOU, GRAPH, or the A1
matrix of STEP 1. Connections from discrete systems to the
plant (which mist be made after the plant is discretized)
must be defined in YZTOK. Table VIIIb) summarized the types
of connections allowed and how they must be defined. 6(%)
and D(}) represent continuous and discrete subsystems,
respectively. The sampled-data system model and its con-
struction are given in Table III(c). The step indicated in
Table ITI(c)(4) is the critical step in constructing the
sampled-data system model. This step connects the digital
controller to the plant in the correct manner. If a root
locus is desired, this step defines the appropriate feedback
gain matrix. TIf a root locus is called for, then the first
connection specified by YZTOK will generate the feedback
gain matrix, X1, and the second element of YZTOK (if any)
will generate a second feedback gain matrix, K3. The control
law is then

w= Kl x, + K3x,
and K1, K3 would generate a root locus grid.
The formulation of the sampled-data system is illustrated

in the following examples.
example: A lateral-directional aircraft plant with a roll

rate feedback to a digital controller is to be modeled. The
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block diagram of the system 1s:

8&. P
._i/ — 903-70 2.6
K13 L WA G, (%) AlrcRAFT >
+4 3:._5 S+as
-4 AN
The block diagram is comprised of a pilot input gain, a digi-
tal filter, a zero-order-hold, and the alleron actuator
transfer function. The aircraft state vector and output
T
vector 1is Y= % = (P r p 95) and the aircraft
equations of motion are input to CONTROL in STEP 1. The
system is set up as: p
&
Cae
Vz %3 902-70 32 vl 25 }I Wy —— .____v_.)
'3
: : \i
STEP 1 defines the aircraft with w= (Se. Sy) . In STEP 2

the actuator block input and output must be numbered first

since 1t is part of the plant. The appropriate data for

STEP 2 is:
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NBLOCK 5

GRAPH

BLOCK 1
2
5

NUMER 25,
-70.

DENOM 25.
-6

1.

GAIN L
TTHINY [1
TTHINU L3

NYTOV,NZTOU,  [1
NYZTOK

1 2
2 2
1 1
90.

1.

1.

62



YOV [1
ZT0U (1
YZTOK 3

>)
1)
3]

The pertinent namelist parameters are

PIGIML= 4, NAC=5 | NLC <3 Z2ON=3

FEXE)

(Other parameters are required to specify STEP 1 and the

analysis options chosen.)

i_/__>.K

bt
qo}-jo +
-+

Yy

R

CONTROL sets the system up as

“ —

G (9)

+

So
—>1 AR CRAFT

&r

G,(3)

vyo©o

~
3t
, N Va3

The connection from %2 to the summing Junction before the

zero-order-hold is constructed as a feedback control law

K1 %

|

G000
o060
-90,0,.0,
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L
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If SYSTEM = 2, this "feedback" connection is completed
and closed-loop 3-transfer functions, W-plane frequency
responses, or transient responses may be obtained, If
SYSTEM = 3, the feedback gain matrix i1s used to calculate
the 3-plane root locus.

The ITHINU vector in the above example specifies that
only the 3rd and 4th elements of the augmented input vector
will be retained. The 3rd element (U]) must be retained if
SYSTEM = 3 since a feedback is defined to this input. If W,

)

i1s not retained the root locus could not be obtained.

COMPUTATIONAL DELAY AND MODIFIED 3 -TRANSFORMS

The digital controller requires a finite time, €, , to
compute the updated command signals to the plant (fig. 8(a)).
The preceding analysis has assumed that €,<<'T . If
this condition 1s not met the computational delay may be
critical to the system stability. The modified F-transform
allows this case to be analyzed using open-loop frequency
response techniques. A linear analysis of a sampled-data
system requires that all events pertinent to the system
(state, input, output) be defined at one instant in time,
the sampling instant. But if € ¥ | , the digital filter
computes commands based on the system output at time wW{-g,
while the plant state is defined only at time wl . The
situation is shown in figure 9. At 't=(MM-!)T , the digital
controller samples the plant output, %;;(wﬁ , and inputs

ol
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ui“ . The digital controller then computes the updated

plant input uC,\ . This requires (1-wm)T  seconds where 0§ wg A
Tf v = 1 there is no delay and if ™= 0 there is a one
sample period delay.

The output L{i(rﬁ) is dependent upon the state of the
plant at +={n-1)T and the form of the input WS from
t=(n-NT to L= (mawm-)) T . If the input to the plant is

from a sampler then

Yy = WX [(nam-2)T]

- N {cbw) Xt ¢<-~T)Bu‘n-.] (20a)

)

where

_A(MT ‘T)A'F

b=

If the input to the plant is from a zero-order-hold then
c c
MOE W), + [H d(~T)B + F] Wnny (20D)

w7

@(\"\T) - g (?(M'T"T)AT

1]

where

In either case, ﬁg;l'“) is described by (20a) or (20b) as a
linear combination of xtv‘ and uf“_, . Modified 3-trans-
form analysis is performed by idealizing the time sequence

model of figure 9 and considering ﬁ;;lwq and the digital

controller update that 1t generates to occur instantaneously
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with the plant update at t=nT . The resulting system

model {or sampled inputs is

Kagy = 1) xS, + d(1)8 W, (21a)
Yo l=)=H pwT) %,y +H $0m1) Wi (21b)

The }-transform of (21) yields the transfer function matrix
G { 3, N\) wherre

Y@= Gl3=) W)
-%{Hd>(mﬂ[(31-¢tr)) ¢ (1) B+ B] w(3)

L}

Thus the model of egquations (21) will generate modified

%—transfer tunctions with the identifications

A +~— G

B «— ¢MR

| [ — \4<$((hﬁ\

F «— B (=B
A similar transfer matrix may be derived for zero-order-hold
inputs.
The resulting %—transfer functions which the CONTROL program
generates must be multiplied by 97' to account for the
sample period delay in the outpﬁt equation (21b).

example: find G(%’v«) for Gs) = o
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The plant equations are

5( = —aAX T W
3= X
_ o ~ouenT
then Cb(ﬂ =~ &° 5 4)(»«1) = e and
N -
Xy = € Xy t & Wa
—awT 0wt
Yalm)= & 7 x V€ W
ay
1 —awl g4 —awT W
RO %i CHM ’% ()

\
o/U\"
4»)
(]
S
—
o
—

—owe
€.

- oX
%—e

To obtain modified ‘é-tramsf‘oms of open-loop sampled-data

or G—quw\) =

systems the parameter w must be specified in the namelist.
If w = 1. the standard é-—transform will result if \{: = \3‘:
Numerical errors limit w to wm ? .2. All other namelist
paraneters required for sampled-data system analysis are
unchanged. Only open-loop analysis can be accomplished with
m F 0. Digital filters may be cascaded with the "open loop"
plant using the MIXED option as described above. If the
digital filter output drives the plant, recall that a quasil
"eclosed-loop" system 1s set up with YZTOK defining a "feed-
back" law and SYSTEM must be set to 2. Table VII(c) lists

the modified ’}-transform models.
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METHOD OF ANALYSIS
The methods of analysis used by the CONTROL program are

summarized in this section.

Frequency Response and Power Spectra

The basic system equations ((1.) or (2.)) may be trans-

formed to yield

pX(p) = AX(p) + BUu(p) (22a)
Y(p)= HX(p) + FUcnlp) (22b)

where p = ¢ Or % depending on the type of system. Equation

(22) is rewritten to display the system transfer matrix,
Y(p) = G(f’) WU com (p) (23)

where

G(p)= W(pI-A) B +F

The transfer matrix, G( p) , is an NY*NW matrix of

transfer functions. Tf transfer functions and/or frequency

responses are requested, CONTROL computes these (NY)((NW)

funictions. Frequency responses are generated at discrete

frequencies in the following manner: .

1. Continuous systems - G(p) = &(9) . The fre-
quency response of the ith output due to the Sik input
is penerated by setting szﬁw in %*4(5) and allowing w
to take on discrete values as specified in Appendix 2.

2. Discrete and sampled-data systems - G(P) = 6-(3)

Frequency responses of é.—transformed functions are
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accomplished either in the w -plane or the %.-p]ane under
the cornitrol of FRPS. If FRPS = 1, G*%) is transformed
to a w -plane transfer matrix, G(w) , by the trans-

formation

4w
‘rw

% =

The frequency response 1s accomplished by the substitu-
tion w =év at discrete points along the positive

imaginary axis in the w -plane.

If FRPS = -1, the frequency response is accomplished by
the substitution 3= cos WT + §smuT at discrete
points along the upper unit semicircle in the % -plane.
‘"he advantage of the w -plane frequency response 1s

that asymptotic Bode plot methods may be used. (This is
due to the frequency response being a polynomial function
of the frequency.)

Continuous power spectra - G(p)=Gls)

Power spectra are computed for continuous systems from

the relation

2
5‘;@»3 = J %,,ACU)J 5“5«0)

where S%‘,_(w) and 5'*5(“) are the power spectra of
the ~tw  output and 4tw  input, respectively, and }‘3(5)
is the corresponding transfer function. CONTROL assumes
that

S‘*;(w) =1
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i.e., the input is unity variance white noise. Thus, to
compute power spectra, a "shaping filter" will usually be
added to the system dynamics and driven by the white
noise input. The output of the filter then drives the
system with the desired spectral content.

Bigenvalues

CONTROL uses the QR algorithm to determine the system
eigenvalues. HESSEN transforms the matrlix to upper
Hessenburg form. QREIG then determines the eigenvalues
via calls to QRT. The subroutines QREIG, HESSEN, and QRT
are contained in the IBM Share Program No. 3006,01 written
by P. Tmiad Pawzl and J. E. VanNess, Northwestern Univer-
sity. The QR algorithm is discussed in reference 1.

Transfer PFunction Numerators

CONTROL determines the transfer function numerators as
the eigenvalues of a matrix derived from the A, B, H, and
F matrices. Detalls may be found in reference 2.

Transient Responses and Discretization of Sampled-Data

Systems

To compute transient responses of continuous systems and
1o discretize sampled-data systems, the transition matrix
and its integral are required. They are computed in the
EAT subroutine by summing the partial series

bz e™e Toar+a B AT H AL oy BAT

\ I {ne=l) w
®le)- § MMy gty LAt B A AT
]
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The series are terminated when the last terms in both
series cause changes to each element of both series less
than 10—.j times the respective element or when the series
has not converged in 24 terms.

In the computation of ¢ for sampled-data systems, it
is common to have eigenvalues whose magnitudes are comparable
to the half-sample frequency resulting in slow convergence of
the series. In this case, the user does not have the flexi-
bility of using a smaller integration step size since the
sample period is fixed. To help alleviate this problem,
CONTROL computes & (1/3) ana ®(1/9) and then finds

¢ ana &T)  as

¢ () [CIS(TIQ)]8
@®(1) = @(T/e)[z; cb(ﬂ/sﬂ

Details may be found in reference 2.
Transient responses for continuous systems are calculated
using d)(ﬂ and @X(71) as
x[(m\)-r)= G YR O™ B (wT)
\a(hT)= R x(nt) ¢t Fwinl)

where \5(WT) is defined in the INPUT subroutine. The
input, \nl“33 , is held constant between sample periods.
Transient responses for discrete and sampled-data systems

are computed in a similar manner from the difference equations
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given in Table VII.
For sampled-data systems, the MULTRT option allows the
user to compute the intersample response of the system. The

system is then described by:

A Xn" BD\V\

xh*l

Bn = Hx“‘\' Fun

W“ bd KiX“" DV‘LDM“

where A and B are obtained by discretizing the plant for
the time period, T/MULTRT and w, is updated every T seconds.
That is, the plant is discretized as though the sample period
was T/MULTRT but w, 1is held constant over T seconds. Thus,
MULTRT intersample transient response points will be computed.
Only transient responses are allowed with this option.

Digital Filtering

In synthesizing sampled-data systems, much time and effort

carn go into the computation of digital filter coefficients

to give desired filtering to a signal. The CONTROL program
allows the user to choose from a table of standard filters
(Table VI) the filtering action he desires. The filter may

be specified in the s, 3,0 w -plane. The transformation
of & - and w -plane filterS‘UJ%;plane filters can be carried
out automatically by the program, allowing the user to draw
upon experience in analog filtering techniques. The trans-
formation of a w -plane filter to a %,-plane filter is accom-

plished by replacing w by
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w= X7t
%'\ ]
The transformation of an s -plane filter to a w -plane fillter
is
w = tonh (Qg)

where o is the s -plane first order pole or zero and w 1is
the corresponding w -plane pole or zero. For complex poles

and zeroes
1
(1+ 8o r 1)
the transformation is

(\-& 3._0_8,,“,* WZ,:)

w

where
w, =/ wh+ v
gw = - u’/ww
S‘!\hLﬂT)
w
cosh(wT) + cos (@T)
g = sin (4T)
cosh (or1) + cos (8T)
with

2
wr = °<1+@
=) = - Sw

Digital filters derived from this two-step process (called

the bilinear transformation with frequency prewarping)
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maintain a close resemblance of the original § -plane filters
over a wide range of the half-sample frequency. References U4
and 5 give discussions of digital filters.

Model Following - If MODEL = 1, CONTROL computes frequency

responses appropriate to the evaluation of model following
systems. Let Y be the model output, %z be the model
follower output, and let the model have inputs W,, and w, .
The CONTROL progfam willl compute the frequency responses
(with FRPS set appropriately)

1 ‘&‘. (4«)
. S
2 BGe ; BEGa
> &G
Joa .
CORGe 5 e 6

Thus, with MODEL set, CONTROL will provide the frequency
responses

Lﬂ'a;u/“‘! (iw) { A= L2, N2

‘31;‘/“1 1: (,2,..,.,Nl&

in addition to the standard frequency responses,

Similarity Transformation - Numerical problems in calculating

eigenvalues can sometimes be traced to the eigenvalues of a
matrix being small compared to its norm. In this event,
diagonal similarity transformations may aid in elgenvalue

computation. For the autonomous system
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X =Ax (24)
a similarity transformation is defined as the change of
variables

3 = p X

tor P nonsingular. The system (24) becomes

. - =1 !

3= Px = PAF 3 = Ay

- !

with A’ = PAP ! . The matrix A has the same eigenvalues
as A and if P is chosen properly, ﬂ' will have a smaller norm
than A

The CONTROL program includes an option (NSCALE) which the
user may select i1f numerical problems are suspected in eigen-
value computations. In order to maintain the same input-output

relationship, the program performs the following operations

when the A matrix is scaled.

PB — 8

HP ' — W

e — Kl

K3 — K3
The scaling technigue is described in references 6 and 7.

PROGRAM SIZE AND TIMING

The CONTROL prosram requires 151 Kg words of computer memory.
It has operated on a CDC CYBER 70 computer utilizing a
segmented structure which reduced the memory requirement to
72 K8* words. Included in these size requirements is memory

allocated to data matrices for maximum state, output, and input
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vector dimensions of 15, 15, and 10, respectively. The data

matrix storage requirements are a function of the system

dimensions.

The example program of the next sectlon was executed on the
CDC CYBER 70 and required 17 sec. of CPU execution time
to generate the problem setup and calculate ten transfer

functions, ten frequency responses, and a transient response.
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EXAMPLE PROBLEM

An example problem 1s given to illustrate the problem
formulation, data deck, and output listing. The input and
output listings are given in Appendix 3. The problem
tnvolves a lateral-directional airplane model with a control
system consisting of aileron and rudder actuators, a roll
rate feedback to S« , and yaw rate and side force feedback
to &y through a washout and lead-lag filter, respectively.

“he system is shown in the block diagram.

%' 0'3
} 2
8°‘P +‘ d2 &‘.\. > P
— |25 e
: -
~ s+25 ArpLANE | B
o, LE br
L4 ©2.5 J - Ay
va t, .| $*4 3554625 ' : > v
3“ U'\’
S le
s+A
s v,
-1 (e sRY ¢
| '+ S/10
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The alrplane equations of motion are

P Le Lv Lo O (1P Lia Ly

Plo | Ne NeoNg ©fe | | N Nyl be

[ <« -1 Vg Svi| e 0 Yool g

& I o © o||¢ o o

el [V @ o o]Te] 6 o o ol[p]
r o | o o v o &6 0 ofl¥
61| o o 1 ofllg] '|oo o® ¢
@ o o o ||| o o o Ol|lé
oy |[HuV¥s © 1T T Lo o Vg o)

the control system is described using the MIXED option and
frequency responses and transient responses are obtained for

roll rate and yaw rate.
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CONCLUDING REMARKS
A FORTRAN digital computer program for the analysis of

linear continuous and sampled-data systems has been described.
The program features a flexible input format allowing the
program user to define systems in a variety of representations.
A1l systems are analyzed using state variable techniques.
Analysis options of the program are: transfer functions,
frequency responses, power spectra, root loci, root contours,

and transient responses.
Dryden Flight Research Center

Natlonal Aeronautics and Space Administration
Edwards, Calif., January 12, 1976
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APPENDIX 1

FORTRAN LISTING OF CONTROL

A brief description of the various subroutines of
CONTROL, follows:

CONTROL, - is the MAIN subroutine as described on page 5.
ADD - performs matrix addition.

ASCALE - scales the A matrix with a diagonal similarity
transformation.

CARD - is described on page 4.

CHANGE - is described on page 6.

CLASS - is described on page L.

CNTRLR - serves as the executive routine for CONTROL.
CPMT - computes complex roots.

BEAT - computes the transition matrix and its integral.
EIGEN - is described on page 4

FRQRSP - is described on page 4.

HESSEN - transforms a matrix to the upper Hessenburg form.
INPUTV - is the INPUT subroutine described on page €.
INVR - determines the inverse of a matrix.

LOAD -~ is described on page 4.

LOAD1 - is used in conjunction with LOAD to load the
system matrices.

MAKE - makes two matrices equivalent.

MATRIX - is described on page 4.
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MULT - performs matrix multiplication.

NMRATR - is described on page 4.

PSP - is described on page k.

OREIG - determines the system eigenvalues.

QRT - 1s used in conjunction with OREIG.

RDISC - reads input matrices from the disc storage units.
RDISC1 - is used in conjunction with RDISC.

REDUCE - determines the lrreducible submatrices of a
matrix (used with ASCALE).

ROOT - is described on page 4.

SETUP - is described on page 4.

SPIT - outputs matrices on the printer.
SPIT1 - is used in conjunction with SPIT.

THIST - is described on page 5.
(starts at label SPIT1 16)

SWZ - transforms s-and w-plane filters to z-plane filters.
TANG - computes complex arc tangents.

WDISC - writes input matrices on to disc storage.

WDISC1l - is used in conjunction with WDISC.

Z0T - initializes the system matrices to zero.

Z0T1 - is used in conjunction with ZOT.

7ZPOW - converts z-plane transfer functions to w-plane
transfer functions.

COPO - plots data on CALCOMP plotter.
READO - plots zeros for a root locus.

CSTAR - contains envelope curves for the C* options.
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SUBSCL - computes the scaling factor for root locus
plots.
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PROGRANM COANTRNL RV M aPTcy FIN «.2#75060 01709778 1%, f9.41.

PCNNRPAM CONTROL (INPUT:=¢ QU PLT=£5, TARPELI=INPUT,TAPE 320U TPYT JTAP- 5> TONTOCL ?

126 L iAPE 6=685 4 TAPT P24, TAPFy=at ,TAFEQ=65) SONTRCL 3

RYAL K1oK24K3 KL SONTPCL &

O™ MSTON WLIL1S 0151 4 W2 115416) JHILL5,151,RO0OTREISIROOTI(I5Y, SONTROL 3
I9AT2010) JROTTICLG) ySAVE(Z00),SAVR2L200),L(1C1,VI1S) SONTROL L
TIMONSTION AU1S 415 3aB 1L 10045116, 1T H U1, 16,6015, 1 D FULr,10), CONTR{{ ’
ICI0L0 2R K201 0, 15) oK 3{1N, 151, %4€10,15),0040,10C) CONTPCL L]
CCHMMON/SDAMRT T/ TS SNAW CONTRIL 9

OATA TSURRAM/N / CONTRCL 1c
SONTROL 11

v CONTSNL MATN PPOGRAM, AY4SALUTE DIMFNSTONS FOR ALL ARRAYS ARZ CONTRCL 12
[ TFCLARED HERY ANM PATSYT THROUGHOUT THI PROGRAPF TN THE UNIiM SONTROL 13
' CCMMON ALOCK,  TO CHANGE DIMENSIONS OF ARRAYS REQUIR-'S CHANGES ONL S ONTRCL T
“ IN THTS ROUTINE. MK MUST AF SFT FOUAL TO ANX"1® WHERE HX IS THS CONTRCL 15
) MAXTHMUM NEMENSION OF THFE STATE VECTOR, CONTRCL 16
r SONTRCL 17
JF (ISURNAM ,GF, ?) MRTT” (%,9901% CONTRNOL 18

990 FORMAT (L X, *MATN®) SONTRNL 19
LR SONTROL 29

MY=1 CONTRCL 21

Mgz 10 . SONTRCL 22

MS= 210 SONTRCOL 23

caLL CNTRLR (A B CyHBsFeK14K2sKI Kt yQoeN1oM2,WY,20NTHG2NNTT, JONTRCL 24
1ROT2,RATT,SAVL+SAV2 sV, CONTRCL ?5
PMNGMY MU MS, MATTMAT 2, MATT MATL MATS (MATH) SONTRCL 26

Sine SONTROL a4

N0 CONTRCL 28

Bu4



SHapAnTING ADD rTs7 CPT= FIN 4, 2475260 w1709 7 11,%9,.7,

SUSROUTTHE 170 (XyA, Y4B, CoNyM,y A 00 2

IFX MY M MG MATL  MAT2  MATI MATY MATS ,MATR) a09 3

NIMENSTON  A(MATT,MAT2 ), A(MATS, MATu) 4 CAMATS, aTED anp .

CCMMON/LOWR T T/ [SUINAM (ReLi] 5

3 TFETSUPNAMLGT,2) WRITE (3,990 ADD &
a9 FORMAT (1X,*ANC*) ADD 7

No 117 T=t,H 430 [

DO 1) Js1,M 100 9

UL Y EXRALT, )oY R, J) A00 10

11 10 CONT INUE 190 11
BETURPN 100 1?

END ano 13
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25
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5
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SLARCUTTI NG

ASCH

933

111

112

110

75

L- 7377 oPT=1 FIN b, 2475060 0170977
SUARIUTINE ASCALE (NyJdeMaM4,P,8,8,C4,DIEAR, ASCALE
MY MY FUGMS MATL MAT 2, MATI, MATL,MATS,NATE) ASCALT
ASCALF

THIS SUBROUTINE SCALSS THE MATRIX A (OF OIMENSION N) WITH A SCALE®

A NIAGONAL SIMILARTITY TRANTFNRMATION. SUBROUTINE REDUCT IS ASCALS
CALLTN TO NETERMING TH® [FRFCUCINLE SUSMATRICES OF A, ASCALE
ASCALS

J= NUMRER OF IRREOLCIBLE TURPATRICES ASCALE
MM(T1= OIMENSICN OF THT ITH SUPMAIRIX ASCALE
¥ - MATRIY WHOSY ITH 20W SCATAINS THE ORIGINAL ROM 4NN TOLUMN ASCALE
NUMRERS NF THE ITH SUAMATRIX ASCALE
TRANSFORMATION HATFT X ASCALE

© - YICTO® CONTAINING THE CIAGCNAL FLEMENTS OF THF ASCALFE
ASCAL®

THE ROUTINE PRONUCES THe SCALED A MATRIX ASCALS
COMMON/CONB/READSYSTEM, QUTPUT s NX yNY NUNXE ¢MUC s N1, N2, DIGITL, ASCALF
AT CNTUR JNUMER S FRPS,TRESPMODEL «NSCALE s SAV. CMAT (NK2, IFLAG, A SCALF
2IGCs FORM, IPT  READI, MIXEC, FULTRT,SCAPLT 4 Z0H ,KOUNT ASCALT
INTSRER PEADWSYSTEM,OUTPUT,FCRY CCNTUR,SAV,CMAT,REAN3, FRPS, TRESP ASCALF
INTEGFR DIGITL,SCAPLTY,7 0¥ ASCALF
DIM-KSION OTRAR (MX) ASCAL:
CIMEHSTON ACMX GMX D)o JIMX 4MX ), CAMX,MX} ASCALF
DIMSNSION MU10,20),MM{20),°(20) ASCALS
CCMMCN/SUBHRIT/ ISUABNAM ASCALE
TFCISUBNAM,GZ.2) WRITE(3,930) ASCALE
FORMAT (L1 X, *SCALE®) ASCALE
NSCAaL = =0 ASCALE
TvEST=0 ASCALE
CALL RFNUCE (NgJy MMy Mg 8,1, C,y [TEST, ASCALE
IMXMY MU MS,MATL MAT 2 MAT S, MAT G, MATS,MATE) ASCALE
IF (ITESTLEQ.0) 0 TO 110 ASCALE
D0 111 I=1,N ASCALE
PLIN=t.0 A SCALE
CONT INUT ASCALE
MRITS (13,1120 ASCALF
FooMaAT (/% SIMILARLTY TRANSFORPATION MATRIX SET EQUAL TC IOENTI ASCALE
17Y* /) ASCALE
RE TUSN ASCALS
GONT INUF ASCALE
DO 7% T=1,4N ASCALE
P(T)Y=0.0 ASCALE
CONT INUE ASCALE
3108=4 .0 ASCALE
20 1100 T=21,J ASCALE
NI=MM(T) RSCALE
IF (M[.NT.1) GC TO 70 ASCALE
PIM{T, 1) =1.0 ASCALE
GC 1C 109 ASCALE
CONT TNUIC ASCALE
N0 30 IT=1.NT A SCALE
ne ©t JJ=1,NI ASCALE
BUIL,J =AML, IT) M, 00} ASCALE
CCNTINUF ASCALE
DIAAR(TIINI=].C ASCALE
e{M(I,IIV)1=1.0 ASCALE
CONT INUE ASCALE
croe=e ASCALF

8¢

13.59 .45,

LB NN N



k0

7t

RO

30

SUBROUTINE ATCALT 73/74 GPT=t

)
o

30

40

10
100
50

¢d1
200

FIN &,2475060 01/09/7¢
K=" ASCALE
00 13 Il=g.NT ASCALE
SAPT=0.0 ASCALZ
RaIP =0,N AScAL®
NC 23 I9=1{,NI ASCALE
IF (I0.T0.IP)1GC TO 20 ASCALF
RATP=RATP AL I, IPI**2 ASCALS
SAPI=CAPTI+RIIP,IT1**2 ASCALZ
CONT INUE AScCaLS
DITTY=SNRT(SAPI/RALI®) ASCaL <
DIRAR(TIN=SQRY(DITTY) ASCALE
NIDARI=1.0/0IRAR(II} ASCAL
PAMAT,LIT) 1= ML IT)I*0TRARITIY ASCALE
DO 30 L=i4NI ASCALST
AUTTWLY=B(IT.LYSOIRARCIT} AsCaL®
CCNTINUE ASCALE
D0 &3 L=1,NI ASCALE
REL, ITH=R8(L,II)*0IRAR] ASCAL®
CONT [NUF ASCALT
K=K+l ASCAL S
IF C(NISARCITI)IGLE, (1,4STOPNIICTCO=ICTCO+1 ASCALE
If ((DTRARITIIIILGT, (1,4STOPYITCTCL=D ASCALY
IF (ICTCOLEN.NI) 6O TO 3 ASCaLy
CCNT INUE ASCALT
IF (K.LT.40) GO TO & ASCALE
CCHTINUF ASCALS
COMT INUF ASCALE
NC 60 I=1,N ASCALE
DO B3 L=14N ASCALE
ALT L) =PLIYSALT, LI/P (LY ASCALE
CCNT INUE ASCALZ
TF (IPT,LT.1} GO YO 200 A5TALD
WRITS (3,201) (PUI)yI=1,N) ASCALE
FORMAT (/40X,* THE DIAGCMNAL TRAMSFORMATION MATRIX IS®/u0X{E20.81) ASCALE
CCNTINUE 45CaLe
RETURN ASCaL”
ZND ASCALS

DRIGINAT, PAGE IS
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€9
€0

62
€3
€&
€5
E6
€7
[
59
70
71
2
73
Ta
7¢
76
77
78
79
a0
At
&2
£x
84
85
B6
a7
Ba
a9
G0
1
@2
a3
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10

15

2%

30

a5

60

0

s

SURFNUTINE CARA

331

11

12

w

16¢
141
tu2
243
167
140
14¢
245
1ut
147
148
16¢
151
152
153
15u
156

17C

171

SUBROU
G OMMON
L1CCHTUR
1IG0,FO
INTE6E
INTFGFE
CCMMCN
CCMMCN
COMMON
RFAL
REAL T
NAMELT
1CONTUR
2FORM, T
IMIXID,
W7 QH, ¥,
IFiT°L
nata e
FCRMAT
FOPMAT
FCRMATY
IF (KN
WRITE
FORMAY
1NUBRY
CCNTIN
If {CO
READ |
IF (71
IF (=20
WRTT:
FORMAT
IF (IF
REAN (
FORMATY
FQRMAT
FORMAT
FCRMAT
FORMAT
FORMAT
FCRMAT
FORMAT
FORMAT
FORMATY
FORMATY
FOPMAT
FORMAY
FORMAT
FORMAT
FOIMAT
FNRYAT
1$=016
GC 70
MEITE
60 70
WRIT:
Lo TO

TI/TL 0PT=y FIN 442475060 01/99/76
TIME CARD SARD
JEOND/OEAN,SYSTEM, OUTPIT s NX JNY ,NU,NXCoNUC N1 N2,DIRITL, ZARD
WNUMFRS ,FRES, TRESP MNCEL JNSCALE.SAV, CHAT ,NK2, TFLAG, CARD
EM,IPT,FTADS, MIXE N, MULTRT  SCAPLT ,Z0H s KOURT CARD
R BFAN,SYSTEM,NUTPUT,FIPV ,CCNTUR,S &V 4CMAT REANSy FRPS,TRES® CARD
® DIGITL, SCAPLT, 79H CARD
JAGONN/OELT FINALT,IFREC, FFREQ)DELFROy GATINI<GAINZ oM CARD
JLABREL/ZIMPT,OUTPTY, TITLF CARD
/SUPNRIT/ ISUBNAM SARD
INPTU10), OQUTPT(20), TITLE(S) CARO
FRINGM CARD
ST/CODE /READ,SYSTEMNUTPUT o NXoNY yNUy NXCy MUC N1 N2, 0TCITL, ZARD
WNUMERS, FRDS, TRESP,MIOCL 4NSCALF , SAV, CMAT (NK2, IFLAG,IGO, CARD
PT yREADIZKOUNT 4O LT FINALY, IFREQ.FFREQ,DELFRQ, FAINT, GAIN2, CARD
ML TR T, SCAPLT, CARD
TSHBNAM CARD
ANAM,5E,2) MRITE (71,9301 SARD
ST/19MROCO /4PLOT/ 10HPLOT / CARD
(1X, *CAKD*) CARD
t8a1 My CARO
(#0123 CARD
UNT NE.L) GO TO 10 SARO
(34110 CARD
/e CONTROL PROGRA® PERMANENT FILE JWELIB,CYFLE 13y JA CARD
141976 “4/) CARD
LF CARD
NTURGEQ. 1, ANN KOUNT.GT, 1) GC TO S CARD
1,1) TITLE CARD
TLI(1) L EQ.PLOTY 60 TO 300 CARD
F(1},NELQ) 5TQP SARD
(T, TIVLF CARD
(1H1,AAL0) CARD
LAG +ED.S.AND,KOUNT.GT.1) RETURN CARD
1,CODEY CARO
(10X, *CONTINUOUS SYSTEM®) CARO
(10X, *SAMPLID-DATA SYSTEme) CARD
(10X, *DISCRETE SYSTEM®) SARD
(10, *MIXEN OPTION®) CARO
110X, *0PEN LOOPS) CARD
(10X4 *CLOSEN LOOP*) SARD
t10%,*RCOY LOCUS*) CARO
(10X,*POOY CONTOUR®) CARD
(10, *LOAD ROUTINE TNOUT®) CARD
(10%,*MATRIX ROUTINT INFUT®) CARD
[10X,*CHANGE ROUTINE INFUT*) CARD
110X, *CLASS ROUTINE INFLY®) CARD
10X, *TRANSFER FUNCTIONT®) SARD
(10X, *EIGENVALUES®) CARD
(10X, *FREQUZINCY RESPONSES®) CARD
(10X ,*PONFR SOECTRA®) SARD
(10X, * TRANSTENT RESPONSES®) CARD
ITLet SARD
(170,171,172),1S CARD
(3,140) CARD
209 CARO
(T,1611 CARD
200 CARD
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SLHRIDTINE TARS 770 opPT=1 FIN 4,2475060 01/70977F 13,°9,49,

177 WRITL {3,142) CARN ©9
6 TF (MIXEN 67, 1) WRITE (3,2u1) ZARD [}
[0 TC (173,3764175) 4 SYSTEM CARN 1
{77 WRITFE (3,161 caRn €2
6C 13 "0t ZARD [}
176 WRITT (3,140) CARD [
GO TQ 221 SARD €5

175 WRITS (3,145) CARD £6
01 GC TG (17€4177,178,179)READ CARD |24
175 WRITE (3,146} ZARD t8
60 16 207 ¢ arn 9
177 WRITZ (3,1467) SAaRN 7a
6C 1D 292 SARD T
173 WRITH (3,148 CAaRDY 12
GQ TQ ?2C2 CARQ 73
176 WRITE (2,169) CAR? A3
202 [F (MIMEAS,EN B AND,SYSTEM NEL 3, ANDL.CONTURLEQ. £} WRITE (3,151) CARD 5
If (NUMERS ,E0, 1) WRITE (3,1€2) CARN 76

IF (CONTUR .E0Q, 1) WRIYE (X,245) CARD 77

IF (FeRpS ,EQ. 1 OR., FRPS .FN, =1) WRITE (3,133} SARD 7A

IF (FRPS LEN. 2} HWRITE (¥,154) CARD 79

TF (TRESP (NZ, 0) WRITE (3,155) CARD 80
WOITS (31,1501 NX,READ,TRESP,CMAT,DELT4NY,SYSTEM,FROS ,NK2,FINALT, SARD 31
INULMIXED NUMERS yIFLA Gy IFREQ,NXC +OLTPUTFORMK, [GC,NELFRQLNUC,NIGTITL, CARD L4
PCOMTHR R IAD T, FFREQy Z0H, IPTy MULTRT ySAV,GAINL N1 ¢KOUNT ,M00 L NSCALT, CSARD r3
IGATINZ 4 K2 4H SARO 84
150 FOUMBT (/771X *NX =% ,T4,11X, *REAL =%, T4 BX,STRESP  =%,TL,8X, CARD 8BS
15CUuAT =8, TL,AX,®DELT =% FT7.3/710X,%NY =%, TL,11X,%SYSTCIM =9, CARN 3¢
2L AXFEPT =% T BX,*NK2 =% T4y BX, *FINALT =%, F7,3/10X, CARD a7
IPNU =%, Ty 1t X, *MINED  2%,TheB8X, *NUMFRS =%,T4,8X,*1IFLAG =%,T4, CARD na
GRAXLPIFGED  =¢,F7,3/10K,*NXEC =% T4 ,11X,*QUTPUT =%,T.,9X,"FORM =%, CARD LL]
ST4s3Y,*T60 =%, T4y AX, *DELFRG =%,F7.3/710X,*NUC =%, T4y 11X, sarRn an
HENIGITL =%, T4, 8%, ®CONTUR =%,T4,8X ,*RFAD3  =%,[L,AX,*FFREN =%, CAROD a1
TETL 37100 ,*720H =%, I ,11X *IPT =%, L AN, *MULTRT =%, T4,8YX, CARD CF
AeSAY S8, T4, AX, *GAINT =%, F72,3710%, ®N1 =%, T4,11%, *KOUNT =* ZARD 9x
GIly 3N, *MODCL  =%,TusAX ,*NSCALE =% ,T4,8X,%GAIN? =%,F7,2/10Y%, CARD E13
12R2 =%, Th,71X,%M =%,F7.3) CarRD €5
TF (MULTRT.GT.0) DELT=DELT/MULTIRT 3 ARO CE

IF (NY.ZN.B) GC TO 50 carn 97

TF (MIXEDGNE, OB, AND.NY.LT.8) 6C TO 50 CARD £1.)
REAN (1, 1M{OUTPT(I) »I=1,NY) SARD 39

IF (S0F{1)1.N%.0) STOP CARM 100

GO TO £y CARN 171
VLORAAND (L, DIOUTPTLIN,I=1,8) SARD 102
If (Z0F(1).NE,0) STOP CARD 13

€1 IF (NI.EQ.DY GO YO 52 CARND 106
IF (PIXFDWNE.0ANDNULLTBY GO TO &2 SARN 175
FEAD (1,11 (INFT(IV, I=1, NU} CARD 1C€E

IF ( NF(1).NZ. Q) STOP CARD 107

GC 10 53 CARD 108

52 REANIL,LILIMPT(I) 121,18} carn 1(9
IF (FOF(1).NFE,0) STOP CARD 110

53 CONT INUT SARD 111
RETUPN ZARD 112
302 CALL CoPn CARD 113
STOP CARD 114

£ oREAN (1.1) TITLE ZARD 115
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SUBFOUTIN aR(C

115

£l
128

33

LA RALT npT=y FIN &, 2¢ I50R0

IF (FNFL1Y NEL, 0 GO YO 9#
HRITE (3,8) TITLF

FCRMAY (/7RALG/)Y

RETURN

IF (FORM.EN.D)Y 6N TO 99
NN=3

X¥X =<1,

MRIT™ (71 NDyXYXeXYX,XYX
sT0P

NN

90

817319/7:

34RO
carn
CARO
SARD
CARD
ca2n
zaen
CARN
saRD
saen
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efi

SLORPDUTING

GHAMNA T3/ 74 0OPT=q FIN L, 2475060

DHO D

SURRIYTIHE CHANGT (2,8, CeHeGoFeK1gK2 K3y Koy Do W1yH2, W1,
TN MY MUGMS MAT L MAT 2, MAT T, MATL ,MAT S \MATH)

NIMONTION WL EMX gMX D W2 (MX 44X ) yW 3 (HX ,MX)

COMMON/CONN/RE AN, SYSTE M, QUTPUT ¢ Ny NY o NUs NXC ¢ NUC NE N2 DIGTTL,
L1CONTURGWNUMER S, FRPSTIESP (MONEL +NSCALE ¢SAV, CFAT (N2, [FLAG,
1IGC,FORM,IPT ,REACIMIXACMUL TP T, SCAPLT 4Z0H, KOUNT

INTEGTR PFAD, SYSTEM, QUTPUT,FORM,CCNTUR 4SAV,CMRT,RPEANE, FIPT,TA"S?

INTERER NIGITL, SCAOLT, 70H

COMMON/ACOND/ZOILTFINALT, IFREN,FFREN,DELFRFQ,GAING, GAINZ, ™

PFAL X1, X2, K3, Kb, IFREQ,M

DIMINSION A(MX MY ) S IMX G MUD 30 IHX oM X ) 3 H (MY G MUY, C (MY HX) , F (MY, HU),
1K Mg MX) K2 (MU MX) § K3 {MUG X)) s KL {PULHXY 4 DEMU, ML)

COMMON/RLKNAT/NUMER s DENOMGATN,GRAPH,BLOCK +STATE YTV, ZTOULY7TOK,
LITHINY JITHINUZRBLOCK W NYTCV (N?TRUGRXYL,NYZTOK NXT NYT ,NUT,NYL, NUL

REAL NUMIR

INTZGER GRAGH,ALOCK,STATE,YTOV.ZTCU,YZTOK

NIMENSTON GRAPHIZ20,5),ALONK (20, 3),NUMERE20,+5), CENDML20,5),
XGAINC20) , STATF(20,%) JITHINY{30) ,ITHINUI2G) ,YTOV (20,2},

X 7TOU(23,21 NXYU(8) ,YZ2TOK(2042)

USF? WRTTYFN SURRNYTINT TO CHANGE SYSTEM PARAMCS TSRS SET 4P IN
ORTV [OUS CAST

CCMMON/SURWRT T/ ISUANAM
[FUTSURNAM,GS,2) WRPITE(3,990)
FOSMAT L X, *CHANGF &)

RETIN

NN

91

01709775

CHANACE
S HANGF
CHANAT
CHANGSE
SHANGE
CHANG:
SHANGT
SHANGC
CHANGT
SHANGT
CHANG ™
CHANGS
CHANGSE
CHANGE
CHANGE
CHANGE
CHANGT
CHANCF
CHANGF
CHANGE
SHANGE
CHANGY
CHANGF
SHANGE
CHANG ™
SHANGE
CHANG S
CHANGE

11,59,53,
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1°

70

e

1c

t

ROGTINF

LA

437

22

210

222

222

736

91

r TYIrT [ RERY FIN 4.2475060

SURRGUTINE CLASS (A0, 0ot yhiaF yDyWiW?yW3,

TMX, MY, MU, MG MATL, MAT? , MATS, MATL HATS MATED
COMMON/COND/READSYSTEM ;QUTPUT o NX oNY s NUJNXCoNUC N1 N2, CIFTTL,
TOCHTUR JHUMERS FR S, T 2ESP,MOOEL s NSCALE ¢ SAV, CHAT (NX2,IFLAG,
PIRN FOPM IPT, RFAD3, MIX",MULTRT ,SCAPLT ZOHKCUNT
NCPMCN/ACONDZDELTWFIMLT,IFREQFFRENDELFRO, GAIM ,GBINZ, NMY
INTIATR PEANGSYSTEM, CUTFUT, FCRM, CONTUR, SAV,CHA T,REAN I, FRPS,TRFS?
INTEGE® OQIGITL,.SCAPLY,70H

DIMOHTION A CMX GMX D, FAMX gMUD oC (M gMX D JH MY ¢ MX by GIMY, M X} JF IMY, M),
10 (MU MUY

OIMEMSTON WL EMIXMX) g W2 (MX XD (W3 (X MX )

REAL TFREQLNUMER, MMM

CCMMON /AL KDAT/NUMFR (HENCHy L ATA GRAPH,BLOCK sSTATF ,YTNV 4 Z2TCU,Y7TOK,
TITHINY yITHINU G RALQC K  HY TOV JNZTOUSNXYU,NY ZTOK , NXT (NYT (NUT,NY1, NI
INTEGER GRAPH,PLOCK,STATS (YTOVsZ TCU, YZ TOX

NIMENSICN GRAPK(20,51 ,8LOCKI2043) ¢NUMER(20 451, CENCHI20 B,
XGATN(22) g STATEF (20,43 I THINY I3C) I THINU(20),YTOV(20,2),
X JTCUL2)42) 4 NXYULR) ,¥Y7TOKL20,2)

FORMAT (1615)

TOMMON/SUBMRIT / TSUAKNAM

TFIISUPNAM G, ?) WRITVE (13,9490

FCRMAT(1 X, *CLASS®)

FARMAT (8F10. &)

NIN=3

NXY =X

NY 3 TMY

NUL=NU

NXT=NY

NYT=NY

NUT=AU

IF (I50.£0.1) CO TO 224

NYTRV=(

NZT Qu="

NY7TOK=A

IF (#IX"N.,EQ,1) LG TO 210

NX1:0

NY$=1

NUL =D

CONTINUZ

IF tIGC.FQstAND.KIUNT,.GT,1) CC TC 86

ng 222 1=1,30

TTHIAYCI) =0

CONT Iny®

nn 2?3 1=1,20

TTHINU(T) =9

CONTINUE

REAN (1,13 NHLCCKNIT

IF (- NF(1).NE. D) STOP

IF (LALNCK,SQ.0) 60 TO 230

TF (NIT LE0. 0) GO TO 736

CALL W7 (NELT,I60,
TMX, Y MU, HS MATL JMAT2 ,MAT 3, MATL,MATS ,MATE)

60 TN R4

NC 3t TI-1,N9L0CK

REAT (Lst} (HRAPHIIsJ)sJ=1,5)

IF (FAOFL1).NEL DY STOP

CONTINUE

92

03709/7¢

CLASS
CLASS
cLASS
CLASS
cLASS
cuass
CLAST
SLASS
CLASS
cLassS
SLASS
CLASS
SLASS
CLASS
CLASS
cLASS
CLASS
CLASS
CLASS
CLASS
SLASS
CLASS
CLASS
JLASS
CLASS
SLASS
JLASS
CLASS
CLASS
CLASS
CLASS
CLASS
CLASS
JLASS
CLASS
CLASS
SLASS
CLASS
SLASS
CLASS
CLASS
CLASS
CLASS
SLASS
cLASS
SLASS
CLASS
CLASS
CLASS
CLASS
SLASS
CLASS
SLASS
SLASS
CLASS
SLASS
SLASS
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7

30

RE

<0

100

15&

110

GLURIUTINE nLATT

93

ar,

?3
24

21

22
2C

A7

[ATZR) cei=t FIN

A0 32 T4, NALCOK

RIAN (1,1 (LCOX(T I} 4d=1,3)

IF € OF{1).N- o} STIP

FONTINLT

NN 33 1=1,NALOCK

PEAD (1,42} {NUMERUT.JI+J=1,5)

IF (“0F{1)1.NJ, ) STOP

fCNT INUS

n0 9e [=1,NALCCK

GEAN {1.2) (NEACMII, J) +d=1.5)

IF (:0F(1)(NELL} STOP

CONTIHLF

FEAN (1,2) (GAINCD, T=1,NBLOCK)

IF (OIF(L)NELDY STNP

CCNT INYD

20 T I=14NALNCK

N3 5 J=l.4

STATS (T,J)=0.0

CONTINUE

NX=0

nag 20 T=1NALCCK

STAT- {1, 11=GRAPH (I,11}

IF (ALCAK (D421 4ENe1 +ANDLALOCK (T, 3).€0.4) GO YO 21
IF (ALOCK(L,?3.GT ALOCKLT, 3)) GO TO 22
1F (LCCKIT4”) JEABLACKI(T,1)) GO YO 22
STAT- (1430=1

G0 17 2?4

STATEZ (T, $0=?

STAT. (1,2)=NX41

STATE (I, ) =3L0CK{I,3)~1
NX=NX4PLOCK L], 301

6C T 20

STAT-{Ts3)=0

o T3 2€

CTATSA(T,30=3

LONT INYS

NyY=

ng 2 K=1,NALCCK

IF (TAAS(GRAPH[K,51) (GT NIl NU=IAES (GRAPHIK,5))
GCHT INYF

MYXT=NYXeNX]

NYT=ABLOCKeNYY

NUST =NUeNUTL

TIF (16C. N 1.ANN,KOUNT,.GT.1) GO TO 271
READ (1,4} UITHINYC(ID) ,I=1,NYT)

IF ( QF{41,N". ) STOP

FOFMAT (/19X,*ITHINY®/)

[F (9SAD.FO, . ANT,SYSTEM.ENL3) GO TO 232
IF (MIXEN,NELL) 6O TO 243

REAR (1,11 (ITHINUIT}I=1,NUT)

IF (“NF (1) NEO) STIP

READ {1,1) NYTOV.NZTOU,NYZTOK

IF ( 'CF(1)4NF.C} STOP

IF (NYTOVLEQ.0) GO TO 23t

nn 212 I=1,NYTCV

DEAT (1, LIUYTONIT 4 ) 4 Jd=1.42)

TF ("NF{1YNE,L0) STOP

we 24 ENKL

0171977

cuass
CLASS
CLASS
SLASS
CLASS
TLass
JLASS
CLASS
CLASS
CLASS
CLASS
Cease
CL ASS
SLASS
CLASS
TLASS
CLASS
CLASS
SLASS
CLASS
CLASS
CLACS
CLATS
SLASS
CLASST
SLAST
SLASS
CLASS
SLASS
cLa®S
CLASS
CLASS
SLASS
SLASS
CLASS
TLASS
cLASS
CLASS
CLASS
CLASS
Stass
CLASS
CLA%S
SLASS
cLAaSS
JLASS
CLASS
CLASS
CLASS
gcLass
CLASS
CLASS
CLASS
SLASS
CLASS
cLass
SLASS

134%9,7 .

£9
€0
L
€2
€3
cb
65
Fée
£7
8
£9
rn
71
?e
"3
TG
75
7€
77
78
79
L]
m1
#2
A%
Ak
“5
6
rT
an
29
ap
€1
32
ey
Se
95
ce
a7
cs
<9
107
101
102
13%
106
108
106
107
168
1C9
110
111
112
113
116
118



170

SUSFCUTIM

cLace

212
1

2r

212

11

210
2Lt
2Hy
[ o
7
223

771

277

?73

919

31

A2

77N aPT =1 FIN «, 2+ 7506C
CONTINUS
IF INJTOULEARLDY GO TO 211

NN P13 1=1,N7T9Y

PIAN (1LY 7 TOULY U, U=1,28
IF CTOFELL1)aNc D) STOP
CONTTINUE

IF (NYZTOX,ER.0) G) TO 243
NG 219 [=1,NY?T0XK

QEAN (1,1) (VZIOKITI,J)40=1,2)
IF {iGF{1)NEL DY ST0P
CONTINU:

IF (SYZT M FND,1}) SYSTEM=2
CONT TNYE

IF (NILNCK.EQ.C) 6N TO 24t
FAIMAT (/10X ®TTHINY®/)
FORUMAT (/10Xs *YTOVS/Y
FOEMAT (/10X ,*2T0U%/)
FCRMAT (/10X.%YZ2TOK®*/)

“g Ty 272

CCHTINUF

NXTTAYYULL)

NY =NXYU2)

HIJ1 =NXYH (3D

NAT=NXYI (G}

NYT=NXYU(S)

HUT = NX YL ()

NXzNXYU(T)

NU=NYXY L)

60 TN 27%

NXYUL1)=HMX1

NYYH (2)=NYY

NXYU(3)=nNUL

NXYU{LY=NXT

NXYU(SY=NYT

NXY1) (3 )= NUT

NXYPYENY

NXYU (R )=y

CCONTIMU

TF (NIT ,€R. 1) GO TQ 340
WETT- (3,95)

FORMAY (/7% ALCCK OTAGRAP INPLY PARAMETERS AREY//)
WRTT- 13,36}

FCRMAT (10X4* CRAPH* /)

no 37 1=21,N3LOCK

WETIT- (2,10 (GRAPH(T yJtelt=1,47)
CONT INUS

MRITS (31,9R)

FCRMAT (/10X (*PLOCK* /)

NN 23 1= N3LOCK

WRIT= (341) (PLOCK{T.J}yU=143)
CCHTTNUY

WRTT- (1,81}

FORMAT (/10X s *NUNMER® /)

no 82 1=1,N3LOCK

WRITE (3,2) ({NUMTRIL,4),d=1,5)
CONTINGT

WRITY (1,87

ol

01/09/7%

SLASS
CLASS
SLASS
SLASS
CLASS
CLASS
CLASS
SLASS
CLASS
CLASS
JLASS
LLASS
SLASS
JLASS
cLASS
CLASS
SLASS
CLASS
SLASS
CLASS
CLASS
cLASS
CLASS
JLASS
CLASS
CLASS
SLASS
CLASS
CLASS
CLASS
CLASS
CLASS
cLASS
ZLASS
CLASS
CLASS
ZLASS
CLASS
CLASS
CcLASS
CLASS
CLASS
CLASS
SLASS
CLASS
SLASS
ZLASS
CLASS
CLAST
JLASS
CLASS
SLASS
SLASS
CLASS
CLASS
CLASS
cLass

13.59.5"

11€
117
118
119
171
121
122
13
124
12¢€
12k
127
128
129
130
131
122
taz
136
13%
126
127
124
139
140
141
1.2
143
144
148
148
147
168
169
10
1€1
12
153
154
175
1°¢
157
1¢8
19
160
161
1e?
1€3
1f0
1€S
1£6
167
1¢8
1¢9
170
171
172



210

21=

275

TUEROUTINE FLAS

az

£

~

-

-

1

29¢
LI

218
24l

221
24

L

2
2

L

&

sul

4

31

[y

ORIGIN

oF

S T/ T CPT =1 FYN 4.2¢75060

FORMAT (710%X,%CZHOM  */)

00 A« I=1,NALCCK

HRTTT 13421 (NFNDMIT JY +J=145)
CORT INUF

WRIT= (3,87)

FORMAT (/10%, *GAIN®/)

WRIT: (3,21 (GATIN(I),I[=1,NBLOCK)
WRITZ (2,R”7)

WRIT: (3,10 CITHINY(IY ,I=1,NYT}
IF (READ,EQ Lo ANT,SYSTEMENL3Y GO TO 3wt
IF (MIXFINELLY GO TN 2427

WRITS (3,214)

WRIT: (3, Y CITFINUCID, I=14NUT)
IF INYTOV.ENLO} GO TO 240

WRITE (31,215}

NO 216 I=4.NYTOV

WRITT (3,11 (YTCVIIeddad=1,42)
CCNTINLE

TF (M7TCULERG) GO TO 241

WRIT- {32,217)

AC 218 I=1.,N2TCYU

WRI TS (3,10 07T0ULT, Y, J=1,2)
CONTINLE

1F (RYZTNKLEQ.S) RO TQ 282

WPIT7 (X,220)

DC 721 T=1,NYZTNK

WRITFE (3,1) (YZ2TOK(I,J),J0=1,2)
CCNTINLT

CCNT INUF

IF (AALONKLER L) RFETURN

Ng tan I=1,NALCCK

TF (DENDMUTRLOCK{T 311 FQs e} GO TO 4&l
N9z LCCK (I, %)

XX=TITNOMT,NI)

IF (XX %, 8400 GO TO wu?

HRITE (1,461 I

FCMMAT (/10X,® LFANING CNEFFICIENT OF §O.%,15,% 2LOCX IS ZERO®/}
GC TN Ly

COMT INUF

N0 441 J=1,.N9

NENA¥UT, J)= DENQMIT, S/ XX
CONTINUE

GAINITY= GATIHLIM/ZXX

CONT INUF

no 3¢ I=1.NALOCK

IF {STATF{T,3).NE.4) GO YO &0

N0 31 J=1,NIN

IF (GRAPHIT, J+11.€0,0) GO TO 1
CUT#NY1,TAGS (GRAPH (I , J+1 1) ¢NY 11 == 1S IGNI1 GRAFM (T, et DISGAINLI)
L*NUMIR (T 1) /NENOMLT 4 1)

CONT INUZ

IF (GRBPH{T,.5).EQ.0) GO TO 38
FUI+NY1, IASS (CRAPH(I,S 1) #NULI=TSIGN{1,GRAPHIT,EII*GATINITD
1*NUMCER (T 1) /DENOMIT, 1)

6C TC 30

IF (STAT=(I.3).EQ.7) GO T0 %9
NOSTH1=STATE(T )+t

AT, PAGE B
poOR QU

95

01709/7¢

CLASS
CLASS
JLASS
CLASS
CLASS
SLASS
CLASS
SLASS
SLASS
CLASS
SLASS
CLASS
CLASS
CLASS
CLASS
JLASS
CLASS
CLASS
JLASS
CLASS
CLASS
SLASS
TLASS
JLASS
JLASS
CLASS
CLASS
CLASS
CLASS
CLASS
CLAST
SLASS
CLASS
CLASS
SLASS
CLAsS
JLASS
CLASS
CLASS
CLASS
CLASS
JLASS
SLASS
CLASS
CLASS
cLASS
CLASS
CLASS
SLASS
CLASS
CLASS
SLASS
CLASS
CLASS
CLASS
CLASS
SLASS

13, €9, ¢°,

173
176
176
176
1717
178
179
180
181
182
183
184
126
i1f6
1e7
138
189
150
121
192
193
194
195
19¢
197
198
199
200
201
272
203
2¢6
208
206
2°7
2PN
209
211
11
212
213
214
215
21¢
217
21A
219
2?0
221
22?7
227
224
225
226
2?27
278
229



230

215

250

260

270

?H0

SUREOITTTNE

CLAC

XS

(T4

“3

(13
b1

S0

LA

(24

12

3

T
60
30

S 73774 neT=1
NOST=NOST1-1

TF (NOST.HELDY GO T 45
WRIT D (1,461}

FOOMAT (/13X INGCONSISTENT NAYA 6 CLASS®)

60 10 W0
D0+ Jz1,NOSTY

HODONY 1, STATE (1,28 J=1eNXTI=RAINCT) *(MUMERC T J) =DENOME T, J} *NUKHER

1 (I, NCSTL))

CONT INUF

IF (STATE(L, ¥1.£0.1) GO
IF (GRAPH(I,5)},50,)} GC

FLI+NY 1, TANS(GRAPHII 2SI ¢NU1I=TSTCN(L,GRAPHIT 45D ISGCATINITISNUNEP

1 (143L0CK (T2

CONT TNUE

00 «& J=14NIN

IF (GRAPM{I,Je1) €N, 0}

CATeNY S, TAASIGRAPHIT 4 J# 1)V ENY 1) == ISIGN (L 4GRAPHIT«J+ 1) GAINLIT)

LENUMER IT W BLOCK (1,210
CCNTINUF

CCNTINUT

GG TC 30

CONTINUE

DO 60 J=1.NIN

IF (GREPH(T el ) EQ.0)
NOST=STATF{IABS(GRAPH(IT
TF (NOST.GE.2) GO TO &7
WRITE (3,48}

Y0 4t
10 43

GA TO 4&

GO 19 &7
pJel1}) 1)

FYN 4, 2% 77 150

FCRMAT (/10X *CIFFERFNTIATOR INPUT NOT ALLOKED®)Y

GO 70 €0
BC 72 L=2,NOSTY

HOI#AY1, STATF (TARS{GRAPH (T, J#1)),2) 4L-14NK1)xH (T¢NY 1 ,STATELIABS

01709776

SLASS
SLASS
CLASS
SLASS
ZLASS
CLASS
SLASS
CLASS
CLASS
CLASS
CLASS
SLACS
CLASS
CLASS
JLASS
CLASS
SLASS
CLASS
CLASS
CLASS
CLASS
SLASS
CLASS
SLASS
CLASS
CLASS
CLASS
CLASS
CLASS
CLASS
CLASS

LIGRAPHIT 3 Je1 )1 ;21 oL~ 1eNXL D ISTON (14 GRAFHITJ#L I I®GAINITI*GATNITARS CLASE

2 (CRAPHIT ,Jel ¥} )® (NUMER {TARSIGRAPH T, Jo1) ), L =1) “NUMER [] 285 {GRAPH

AT, J#1)) ,NOST) *OSNOMITAAS (GRAFH (TeJe11),4LY)

CONTINLE

IF (AL COK (TANS(GRAPH (T, J+13) 4701 ¢1 LT ALOCK(TABS(GRAPHIT Je11),30

1160 In #0

FALORY L, STATF (TAPSIGPAFPH (I 4 J41) ), 2) eNXE)=HIT¢NYL ,STATE (IARS(GRAPH
1T, Jeld) s 2V #NX1ISGAINC D) *GATNE TABS(GRAFH(TI +J*+1) )} *ISIGN(1,GRAPH
2{TeJt1 1% (=1, P *NUMSR {TARSIGRAPH (I 4J¢11) 4 NOSTI*CENOM{TABS (GRAPH

ItIadetd ot

If (GRACPH(TARSIGRAPH (T4 J#1))45).EC.C)
FUIONYL,TARS(GRAPHIIABS (GRAPHIT,J411),5))¢NUL)=TSIGN(1,GRAFH(TANS
1 (GRAPH (I «J#1) )5 ISGAIN{TI®GAIN(TARSIGRAPH (T «J¢1))) *NUNER(IASS

€0 YO 73

CLASS
CLASS
SLASS
CLASS
CLASS
CLASS
CLASS
CLASS
CLASS
CLASS
CLASS
GLASS

2(GRAPH(T yJe11) ySLCCK(TABS(GRAFH (T4 +1)),2) =11 ISIGN{1,GRAPH(T J+1) CLASS
TYeF (IoAY 1 L JARSIGRAPHITIARS (GRAGH (T 4 Jt1)3,5))0N01)

DC 74 L=14NIN

CLASS
CLASS

CHL ¢NY1,1ABS (GRAPH(IABS (GRAPH(I J#1)) L¢3 ) ) ¢NYLISCLI ¢NYL . TABSIGRAP CLASS

LHIIARS (GRAPH T 4 J# 11 ) L¢LITONYII=TSIGN (1, GRAPH( JABSIGOAPH (1,J410),
2L )P IS IONIL, GRAPHE [y Jo1) ) *GATNM I TI*CAINCIABS(GRAPHIT 4 U211

CONTINUVE
CONT INUE
CONT INUS
TI1=NY 11
112=MLOCKENYL
N0 ROTI=IIL.II2
COIT ITI=CUIT,I1)¢1.3

90

CLASS
CLASS
JLASS
CLASS
SLASS
JLASS
CLASS
SLASS
SLASS

13.59,.5%,

230
231
232
223
234
23%
216
237
278
239
240
241
262
243
24t
245
2u6
247
248
249
2¢0
281
252
253
2%4
2t5
256
257
2¢8
2%9
2¢0
433
262
2€3
2L
2¢€S
2€6
27
2¢8
2€9
270
271
272
273
274
278

278
27
278
279
280
281

2e2
283
28k
285
?r86



2ae

195

315

120

137

328

e

UTTIME

GLACS TIITG cer=1 FIN &, 24 75060

80 CONTINUF
CALL TAQ (C W1 NYT,1,
TMX MY, MU, MSoMAT],MAT2, MAT3,MATL,MATE ,MATE)
MAT 3=MX
MAT?=MY
MATI=4Y
MAT 34X
MATS TMX
MATH=MX
CALL MULT (W1sHH2,NYT (NYTNXT,
THX MY MU GMS MATE  MA T2, MATI, MA YL, MATS (MATA)
MAT 1=MY
MATT=MX
CALL MAKE (HyW2 NYT,NXT,
IMY MY MU MG MATE  MAT 2, MATI  MATG , MATS \MATS)
MATL=MY
MAT3I=MY
MAT, 24U
CALL MULT (W3 ,F M2 NYTZNYT,NUT,
IMX MY MU,MS, MATL,MAT 2, MAT 3, MAT L ,MAT5,MAT )
MATL=MY
MAT 2=MU
MAT3=MX
MATL=MX
CALL MAKF (F.WZ,NYT,NUT,
TMX MY, MU MS, MATL MAT? ¢ NATI, MATU ,MATS ,MATH)
0C 200 I=1,N8LCCX
NCST=STATE(T 4}
If (NOST.EQ.?Y GO TO 200
DO 201 J=1,NOST
A(STATE (T, 2 1o NCST=1 ¢NXL, STATFIT 21 4J=1¢NXL}=-DENOM(L ., J)
IF (J.EQ.,NOST) GO TO 201
ALSTATEIT 421 =4 JoNX1,STATE (T,2)¢J¢NX1)=1,.0
201 CCONTINUE
If (IAPS(GRAPHIIL5)1.EQ,0 GO TO 110
A(STATECI 42V +NOST=1¢NX1, TANSIGFRAPHIT,SIDeNULIZ ISIGNI1,CRAPH(T (S))
117 CCNTINUE
00 120 J=14NIN
IF (GRAPHIT,J+1),.EQ, 0 GO TO 120
DO 121 K=1NX
ACSTATE (T 20 ¢NOST-1¢NN$ KoNXLPxA(STATECL,2) #NCST-14NX1,KeNX1
1oH{TAASIORAPH (T, Je11) eNYL KoNXTI FISTGNI14GRAPH (T4Js1))
121 GCONTINUF
N0 122 K=1,NU
IF (FIT,X1.NZ,.0,0) QUTPUYT=2
CUSTATECL 21 oNCST-14NXL yKoNUTI=A(STATE(T,2) ¢NOST=1eNX1,XeNUT)
L+F (IARSEGRAPH AT (U213 ) ¢NY1,CeNULI*ISIGNIL1,GRAPH (T, J#1 D)
122 CONTINUS
120 CONTINLF
200 CONMTINYE
1) 2A0 T=1,NX
NaQ 231 J=1,NX
CUI#NX1, JONX1)=0,0
281 CONTINUE
CUTeRX L, TaNNL)=1,0
280 CCHmTINUF
nNMo30 Tzt ,NMT

o7

01709776

SLASS
CLASS
CLASS
CLASS
SLASS
CLAST
ILASS
CLASS
SLASS
SLASS
CLASS
CLASS
SLASS
CLASS
SLASS
CLASS
CLASS
CLASS
GLASS
SLASS
CLASS
ILASS
CLASS
cLass
CLASS
CLAS?
CLASS
CLASS
CL ASS
SLASS
CLASS
sLASS
SLASS
cLAasSS
SLASS
JLASS
CLASS
cLass
ZLASS
CLASS
SLAGS
cLAasSS
CLASS
SLASS
SLASS
cLASS
CLASS
CLASS
ZLASS
SLASS
SLAST
SLASS
cLASS
ILASS
cLASS
CLASS
ceane

13.€9,6%,

28T
2A8
289
2¢0
291
292
?e1
294
2<%
296
297
298
299
300
3061
32
NS
304
396
306
X7
38
3n9
310
it
312
313
LREY
315
316
317
118
319
320
32t
22
32x
326
125
3126
x27
328
329
320
32t
e
323
324
s
136
137
338
329
Y]
34l
362
L3



1¢0

BELLLESIER B i

rtace

191

¢

TNy ney -y FIN L,

DU 1t J=t,Nn T
atl, -n,.y
CONT TN

[P RS B I BN
CCNTINU-

NO 07 a1 NYT
no <22 )1 ,N0T
IF (r 0T, 0. D)
ouTeuT.

6GC Tn < ¢

CONT TN
cutTenY=1

CONT [NuE
NU=u0Y

NX=NYT

NY=HYT

RETUIN

FRN

neT0 K22

a8

247500

0L/049775

TLAST
JLAST
cLAL
Jtan
CLAG
TLas
CLACS
JLAGS
2Lass
CLAGS
sLant
CLASS
CLASS
TLASS
GLARS
CLASS
CLASS
CLATS

14.¢9,

Tuy
3us
$46
n?
Tub
349
150
hLB!
152
3.3
3E4
LA
b1 )
3857
LLT]
3¢9
3J€0
3e1

.



2r

o
v
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SEIT TR CATRLD 73/74 cerT=1 FIN 4,2¢750&0 031/0977¢

I

.

TNADDNAOANNOO0OD AN I

RN T T

SURRDUTINEG CHTRLK (A B,CoMyCoFaKl K2, KT KlggOy NIy W2, Wy kCOTH,ROOTT,
1ROTRWROTT L TAVL L SAV2,4U,V,

1ROTRWINTIW74774UsV,y
TMY MY M) MS MATE  MAT?  MAT I, MATL, MATS,MAT 6)

THI D SUARAUTINE 3F°RVES 4S5 TRE EXECUTIVE ROUTIN FQOR THF
CONTROL PRCORAM, THC COHTOOL PROGRAM IS CAPAALE CF PE FLRMING
+FO2 LINSAF SYSTEYS, THY FCLLOWING CO<RATIONS

1. °0CT LCCIT AS A FUNCTICN CF TWC FE£DIACK GAINS

2. NETEFMINATION CF SYSTEM CIGENVALUES FOR QPSIM AN
CLASEN=LOOP <YSTTM]

3. DETFRMINATION GFf SYSTEM TRANSFFR FUNCTIONS FOR
ARRITRARY INPUT-QUTPUT VRRTAALES

4o CALCYULATION OF TABRULATED FREDQUENCY RISFONSFED

S. CALCULATTAON OF TATULATFD FOWER SPECTRAL TENSITY
FUNCTICNS,

5. TABULATED TIME HISTORY RESPONSE

CNOMPHTATIONS ARE OFRFORMSO USING STATE VARIABLE MATRIX
NOTATINN,

CORRECTINN MADE BY G NORRIS JULY 5 73
7 AND SA&v1, ZZ AMD SAV? ART SAME MATRIX

COMMCM/COND/ READ, SYSTEMy OUTPUT (NI NY NUSNXCoNUCNL,N2,01%0ITL,
1CONTURNUMERS (FRPS,TRESP MODEL ¢ NSCALEZ »SAV . CHAT (NK2, IFLAG,

1IGC, FCRM,IPT ,REATI, MIXFL,NULTRT,SCAPLT,Z0H,KOUNT

INTZGEF CEAD,SYSTEM, OUTPUT.FORF,,CONTURSAV,CMAT,REAN3, FPPS,TRESP
INTERED DIGITLSCAPLT,70H

CCMMCN/ACOND/ CELY FINALY,IFREC,FFREC, DELFRQ, GATN1, G AIN2 MM

PEAL INPTUL0), QUTPT(20) .TITLA(®)

CCMMON/LAREL Z/INPTOUTPT,TITLE

REAL IFPE0.K14K24KF Kb, MN

CIMENSINN ACMX,MY)y JIMY MUY (G UM g MXY JH MY 4 MX ) o CUMY ¢MY ) ,F (MY 1MUY,
LKL {MUG M) (K2 (MU MY T oK 3 (MUGMX D 3 KL (MU 44X )y D{MU MUY,
PR (M, MY ) W2 (MY MXD), W3 IMX, MX) ,RCOTREMYY JRACTI(MY ) 450 TR (MY},
IRATIIMXY UMY ¢ VIMX) g2 (MS) 4 Z7{MS)

DIMENSION A {15,150, AL15,100, C{15,15), H(15,15), G(15,15},

1 FO15, 100, K1(10415), K2{10,15), K3(10,15), K& (10,1%), D{1L,10)
OIMENSTON W1(1S,150, W2(15,15), W3{15,15)y ROCTRIiZ 1}, ROCTTC1G),
1 RNTR(15), ©0TI(15), UL1S), v{15), 2(2000, 22¢200)

OIMANSION M(10420),MMU20) 4P (?0) 4, ICCNDO(23),JCOANT{29) 4 ACCNNL*)Y
TQUIVALINCE (READ,ICNANT (1)), (CSLY,,ACONCL1))
COMMON/ALKDAT/NUMER, NENOM, GAINy GRAPHRLOCK s STATE,YTOV,Z7T0U,Y7 TOK,
TITHINYITHINUGNBLOCK JNYTOV JN7TQUoNX YU RYZTOK s NXT ,NYT (NUT,NYL,NUL
FIMENSION GRAPH {20,314 LCCK(7043) yNUMERT20+5)s DENOMI 20451,
XGAIN(2G) ,STATE (20,4} ITHINY(3C) ,TTHINU(20) ,¥YTOV(20,2),

X 7TOUI2042)NXYU(B) (YTTOK(29,2)

INTZGEP GRAPH,RLOCK,STATE,¥YT0OvV,7TCU, YZTOK

PEAL NUMZIR

CCUMON/SURWIRITZ ISUINAM

99

SNTRL S
CNTRLF
CNTRLR
INTRLF
CNT QLS
JNTRLR
CNYRLR
INTRLR
SNTRLR
SNTRLR
INTRLR
CNTPL?
SNTRLR
CNTRLR
CNTALF
SNTRLR
CNTRLR
SNTRLR
CNTRLR
CNYRLR
CNT2LR
CNTRLR
INTRLR
CNTRL?
SNTRLR?
CNTRLR
CNTRLR
CNTRLR
SNTRL®
SHTRLR
CNTRLR
SNTRLR
CHTOLR
CNTRL®
CNTRLR
CNT RLP
INTRLR
CNTRLP
SNTRLR
SNTRLR
CNTOL?
SNTRLR
SNTPLR
CHTRLP
SHMTRL®
INTR(R
CNTRLR
SNTRLR
CNTRLS
INTRL?
SNTRLR
CHTRLR
CNTRLS
SNTRLR
SNTRLR
SNTRL?
SNTRLR

164,02,00.



al

4n

LAS

4qc

9¢

100

195

110

SUne HITT G

TNTRL? 7374 nNeT=1 FIN 5.2¢75360

NAT& RCNAN/LIIHEOCH 4
IFLISUTNAM,GE,2) WRITE(3,330)
4943 FOPMAT (1 X 4*CNTRLR*)
KOuMT=0
ISAY="
00 CONTINUF
R AED]
DO ’N? 1=1,?3
Jgeonrey=o
252 CONTINUE
0C 703 I=1,A4
8COND(IN=0.0
253 CONTINUE
01 CONT [NUE
REWINA 8
KOQUNT=KJQUNT+1
no 207 I=1,29
TCONO{TII=JCOND (I}
200 CCNTINUE
CALL raRn
IF(R:AC,NELTY ISAV=9
NC g1 I=1,29
JCOHTCTY = ICAND LD
201 CONTTINUS

TFUCOCNTURGENG 1), AND L (FCOM, ET,CH, ANDL (ITT, EQ, 000 GO YO 9%

AC TO 3?7
91 NFLOT=1

WRITF {7) NPLOT

WRTT- (7) RCON(TITLESYSTTMMODEL,NIGITL,SCAPLY
92 IF (CANTURGEN, 1) 1TT=t

CALL 70T (AsBeCoMohq FeKl (K2 XA 4Kl 4Dy

LHMX oMY MU GMS G MATL MAT 2, MAT 3, MAT L, MAT5,MATS)

GC TC (3)1:40,50,55),READ

30 CALL LNAD (2,8, CoHyGyFiK19K?2 K34Kbs0y
TMX MY MUGHS MATE  MAT2,NAT3, MATUSMATS MATE)
GC TO £0

47 CALL MATSIX (AyByCoH,G,F K1 M2,K3 K40 ML, W2,02,
IFX MY MU MS MATL (MAT? , MATT, MATULMATS 4 MATH)

00 «5 1=1,429
5 JCOND(T)=ICOND(I}

5C TO o
50 IF (ISAV,.EQ.NY GO ¥0 51
CALL PCTSC (AR CoHoGoFyXEi k2,K3,k4,0,
AMX MY g MU G MS G MATL JMAT? JMATI, MATUMATS,MATH)
Sl CALL CHANGE (A43,CoHeGyFaKLy X2y KIgKisgDyN1aW240 2y
IHX, MY M)y MG MATL (MAT? ,MATI MATL JMATS yMATE)
IF (MIXEDLEN.0.AN0, ISAV,EN.F) 6O YO 555

GG TO /0
55 I60 =9
335 CONTINUD
CALL CLASS (B eByCoteloF ol Wi ,W2,M3,

IMX MY G M M5, MAT L MAT 2, MAT 3 MATL ,MATE,MATKY
60 CCNTINUE
IF (READ3,E0.1) JCONTI{LD=3
IF (SAV,SN.1)ISAV=1

100

31709775

SNTRLR
INTRLR
CNTRLR
SNTRL?
CNTRLS
CNTRL?
SNTRLR
INTRLR
SNTRLR
CNTRLR
CNTRLR
SNTRLR
SNTRLR
CNTRLR
SNTRLR
SNTRLR
CNTRL?
SNTOLR
CNTRLR
CNTRLR
CNTRLR
CNY LP
SNTRLR
SNTRLR
CNTRL%
CNTRLR
CNTRLR
CNTRLRA
SNTRLR
CNTRLR
SNTPLR
SNTRLR
CNTRLR
SNTRLR
CNTRLR
CNTRLR
CNTRLR
CNTRLR
SNTRLR
CNTRLR
SHNTRLR
SNTRLR
SNTRLR
CNTRLR
CNTRLR
CNTRLR
CNTRLA
CNTRLR
SNTRLR
CNTRLR
INTRLR
*NTRL?
CNTRLR
INTRLR
CNTRLR
INTRLR
SNTRLR

1443924000

<9
&0
61
&4
£3
Fl
,'C
€6
e?
€8
9
70
71
72
73
74
4]
76
44
78
79
L1
21
82
&3
.11
as
L)
(%4
a8
A9
Rl
91
92
a3
<4
95
96
4
L)
g
100
101
132
103
106
105
106
7
108
109
110
111
112
113
184
115



CHEOTINE T2 RTaE REAES FIN &, 875060 01/09/7¢

115 TF (03NTURGFNLTILAND  KOUNTLGT, 8} GC TO €9 CNTRLR
cate jerrs (8380 oFHahyFeKlok2,XT,Kley Dy CNTYRL®

TRY MY M NS, MATL, MAT? , MATI, HATL,MAT S, MAT 6} CNTRLR

53 1F (S8v.I%.00 60 Yo 70 CNTRLR

TaLt WOISC (BeRGCoyHygF oK1 4K24K3yKisyOy CNTRLP

1en TMU, MY M MS, AT MAT?, MATI, MATL,MATS ,HATH) CNTRLR
JCNNT LRy =0 CNTRL?

7L CONTINLT SNTRLR

caLL STTUP (I MaMM P N CyH G oF oK1 K24 K2 oKty oW1 4W2,03, CNTRLR

1 RIVIR, SNTR(R?

12% 2 OMY MY MG MS G HMAT L, MAT2 (MAT 3, MAT 4, MAT S5, FATH) TNTRLD
! IF (TR7°05,57,0) NPLOT=t SNTRLR

TF (TRE°P,NAT,0Y NPLNT=TRESP SNTRLR

IF (FRO,,NZ.I) NPLNT =NY®NU SNTRL®

IF (F2€S, GV N,ANDJTRESPLGT.0) NPLCT=NY*NUe1 CNTRLR

110 If (FRPS,NE, T+ AND,TRESP.GT. 01 MPLLT=NY®*NU+TRECF SNTIRLR
IF 1°y3TEM,“9,.3) NPLOT=L CNTRLR

IF (FIRM,GT. 0, ANDCONTUR.EN, 0} WRITF {7) NPLOT CNTRLR

TF (MULTRT.NFLO) GO TO 101 CNTRLR

IF (SYSTEMGNE,T) 6N TO 4P SNTRLR

135 CALL ROOT (A PR CaH i f s K1 K233 Kb yD4W1 W23, FACTRRCOTI eV, INTRLR
THX MY (MU MS HATYL (MAT2 ,MAT3I MATLMATS HATR} CNTRLE

60 THY a3 SNTRLP

82 COMTINUE SNTRLP

WRIT: (3,811 SNTRLP

1an 81 FOe~aAY t/7710%,*THE EIGEN VALUES OF THE SYSTEM ARR®//20X, CNTRLR
1#RCAL FAFT®, 416X % [MAGINARY PART*/) CNTRLR

CALL FINEN (NX W1,M2,W2,RO0OTR,ROOTI4UsV, CINTRL®

TMXy MY M, MG, MATL  MAT2 ,MAT3MATL, MAT G ,MATR) SNTRLR

IF (IFLAGLFN.DLANC.CONTURLEQ, 1Y GC TO 4939 CHTRLR

1.r IF (CONTUR,.E,1) GO TO 501 IHTReL?
GQ TN =)2 CNTRLR

©99 IF (FNPM,EQ,0) GC TO SO0 SHIRLR

NC=t CNTRLR

XYx==g,r CNTRLP

10 WRITE(7IND XYY, XYX SNTRLR
GC T2 =an SHNTRLR

07 CONTINUE CNTRLA

CALL CPMY (7,RCOTR,RO0T I,NX, SNTRLP

IMXy MYy MU MS  MATL  MAT2, HAT3, MATL,MHATE ,METE) CNTRLR

1 WRITe (3,82) INTRLR

A2 FCRMAT (//10X¥,*THE SOEFFICTENTIS OF THE CHARPACTERISTIC £t QUATION 000 CNTRLR

LIREN £204 THE LOWEST POWER OF S%//) CNTRLR

NXEINX+L SNTRLR

WRITS (1,R3) (ZUI),I=2,NX1) SNTRLR

150 33 FOIMAT (520, M) INTRLR
30 CONTINUF SNTRLR

IF (NUMTSS,EQ.1) 6O TO 108 CNTRL®

NN=Nx SNTRLR

c raLL NMRATR (NNyA 4R o0y F,y Gof 4D,ROOTR,ROOTTLROTR,ROTT 474V, CNTZLR

1is CALL NMRATR (NNy43B,CoHeGoF oD RCITR,RCOTIROTO ,RCTT, UV, CNTRLR
e LW1,92, W3, SEV1,SAV?, CNTRLR

LN M2 W3 47427, CNTRLR

PMX MY MUGMS,MATL MAT 2, MAT 3, MAT 4L, M AT S ,MATH) SNTRLR

107 CCMTINLE SNTRLR

174 IFITRESPLEN.O) GO TO 507 SNTRLR
101 CONTINUF SNTRLR

171

146
167
18
149
150



LUREQUTT NG ONTRLR 73776 GPT=t FIN w. 2475381 01/709/7¢ 1u4,(2.90.

CALL THIST (A4PofyHyF oW1 4 W2 MIROOTR,ROCTIU'K1,0,7,V, CNTRLR 173
caLL THIST Ay By oMol oW1y W2 N34 ROOTR,ROOTI U,K1(C,ROTI,ROTR, INTRLR 176
LPXe Yy PUSMS I MAT L, MAT2  MATS MATL , MATS MATL) CNTRLR 17¢
175 S07 IF (RCAPLT.FN.2) JCONDI(28):1 CNTOLR 176
IF (IFLAGLEND.D) GO TO ~00 CNVRLR 177
GO0 Y0 R01 CNTPLR 178
£NN CNTHRLR 179

102



20

2t

X0

0

SURFOUTIAE CPuT

mn

10

~4

73774 rey=g FIN 4. 2¢ 75088

TLAROUTINE CPMTIC,RODTR,RIOTI N,
THX MY, MU HS HATE ,MA T2 (MATT MA TS MATT ,MATE)
COMPLIX A ,0,0,F

OIMINSION A(26),BI25) 3 CIMX) ,POFTRIMX},ROOTT(MYD 00>, ) ,5(25)
TCMMON/SURWDTY / TSUANAH
TFLICUINAM. G- o 2) WRITE (3,990}
FOKMAT (1 X, ¥ OMT®)

IfF (N.GT,1) GO TO 19

Ty z«RNOTRI L)

CiPy=1,1

RETURN

COMT [N

A(1) =CMPLX(-RDOOTR(1) ,ROOTIILI})
Af2)=CMoLX{1,0,0.0)

NX=?

PC & TI=2,N

NY:NXe)

No 1 I=1,NY

OUTY=CHPLXI0.0,0.00

CONT INUC

UL =CHMPLY(~RODTRPIIT ), ROCGTICII)
TEYCHOLX(1.0,0.00

a0 Y I=1.2

nn 3 J=t,NY

K=14J=1

CIKI=A(JI*B{TI+DIK)

CCONTINUZ

NX=NX#¢1

N0 5 JJ31,NX

A3 =00Jd

CONTINUF

CENT INUE

NN 7 I=1,NY

“ATY=01UT)

CCNT INUE

NC F T=1,NX

CAIV=REALIDLE MY

CoN T INYF

STTURN

1N}

107

0176977+

LT
cPuT
seuy
IPMT
b

12,01,
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SLHFOUTINE TAT 7374 oPT=1 FTIN 4,247506L 01709776 14,20

SURROUTTHE SAT (T,8,W1,W?,W3,CyN, Ay
IMX MY, MY MS  MATE MAT 2, MAT 3, HAT 4y HATS, MAT 6} EQY
- £ATY

{ THIS SUARDUTINE COMPUTZS THE TRANSITION MATRIX AND IT3S INTEGRAL, EAY
p THT CERTES TS TRUNCAYEN WHEN THE LARGEST ELEWENT OF THE LATY TERM  EAT

< THE SERICS IS LESS THAN 1.€-73 TIFES THE SMALLEST ELEMENT OF THE S E AT
C SEQI:S, WRPITIEN BY R, MAINE FA/17/71 EAY
9 AT
NIMENSTON ATMXGMYE WL CMX G MXD W2 (MY gMXD JHT(MX ,MX Y, C (HX KX £Aar
CCNHON/CONDIREAD.SVSYEM.OUT"UY.NX.NV.NU.N!C-NUC-NhN?;DIGITL‘ EAT

1 CONTUR, NUNERS, FRPS, TRESPyMOCEL NSCAL Sy SAV, CHAT yNK2IFLAG, AT
11G0,FORM, IPT , READI, MIXEDMULTRT (SCAPLT ,ZCHKCURT EAT
INTZGER READ,SYSTEM, QUTPYT,FORF,CCNTUR,SAV,CHAT,REAT 3, FRPS,TRF3P EAT
INTZGER DIGITL EAT
COMMCN/SUBMRIT/ ISUANAM EAT
IF(ISUINAM, GE, 2} WRITE(Y,.930) EAY

130 FORMATI(IX,*EAT*) EAT
MATL=MX IAY

BT 2z=MX EAT

MAT T=MX EAT

MAT L =MX I AT
MAT5=MX EAT
MATH=MX AT
NT=24 EATY
CALL ZCTLIMLyN.N,y EAT
LMY MY, MU MG, MATL, MAT? , MATY, MATL ,MATS ,MATH) EAY
CALL MAKE (W2,W1,N,N, EAT

LN MY MU MSoMETL JMAT?MATS, MATL ,MATSMATE) AT
DC 1 T=1.N AT
Wt(I,I1=1.0 CAT

1 CCMTINUS AT
CALL MAKT (W3,W14NyN, EAT
TMNG MY MU, S, HATL, MAT2,MATS, MATL MATS,MATE) cAT
5710 EAT
WIMAY=z | ,Fe50 EAT

T= T/A, AT

00 7 I=1.NT AT
nn=1 IAT
n=G*r/Rq EAT
WiNMIN= 1,650 €AY
W2MIN= L. E46N EAT

06 30 J=t.NX EAT

NC 30 X=1,NX EAT

TE (WL CJoK) oNEQB 0 ANDL ARSINL(J4KID JLT, WIMIND WIMINSABS(WI1(,x)) EAT
TF (W20J o X)eNE 0,00 AND. BAS (N2 [J,K 11, LYs W2ZHIND NZNIN=AES(NZ(J, X)) ERT

30 CONTINUE EAT
WIMAX{= WIMAX®T/BB AT
CALL 800 (1.0 4M2,GaW3 4 K2 4Ny N,y EAT

THX MY, MUy S, MATE (HAT 2, MAT I, MAT 4, MATS ,MAT S} AT
CALL MULT {AN3,CoNeNyh, EAT
IMKG MY MU MG MATY  MAT2  MAT 3, MAT L, HAT S, MATE) EAT
CALL “AKE (W34CoNeN,y AT
1N Y FU MG MATL JMAT? (MATI  MATU, MATS , HATEY EAT
WIMAX =7,0 EAT
nC uwl J=1aNX £ AT
A0 w0 Ks LeNX FAT
IF (ARS(H3(I, KI),GT, WIMAX) WIMAX= (ABS (M3(J\KID) EAT

0L



FC

n

Hr

HU

Y DNE

cal 73474 0eT=y

40 CONT [NUF
WIMAX: WIMAX*G
CALL AND (3,0, W1y 5y W3, W1,

N+ N,
TMNX MY MU MG MATL (MAT?  MATS  MATH JMATS ,MATH)

FIN

IF (WTMA XL LT, R2MING 1, 0E=03 ANDWIMAXL LT, WIHMIN®

7 CCHTING

WRTT: [3,100d1 WIMIN, WIMAX, WZFIh,

1009 FORUAT(® EROIR IN JAT®,5X, *WIMIN

1170, " PMIN =¢,8170 ,h,6X,%WInaX1L
7Y CONT INt

N0 90 x:1,1

CALL MAKY (W3, M1, N, N,

THX MY MU MS AT MAT2,MAT I MATL MATT  MAT B

CALL MULT W1, W3, Cs Ny Ny N,

THX MY MUGMS , MAT L  MAT 2, MAT 3, MATL MATS,MAT ]

CALL MAV- (W1, C, Ny N,

THY, MY MU MS  MATL G MAT? (MATS  MATL (MATS ,MAT )

ne -+ )= ,N
LRI TN B R LN PINY XS )
R) CNNTINIGY
CALL MLLT (W?, W3, B, Ny Ny N,

IMX MY M MG MATY  MATD  MATY, MATY, MATS,MATS)

CALL MAX - (WP, Cs4 Ny N,

TMX (MY G VU MG MATL G MATZ g MATE (MATL MATS,MATH)

ae TONTIN-
T- Ty,
WRIT 13,51y [
51 FO2MAT (/%
CALL SPTTL (W) NX4NX 4

TMX MY MU G MS G MAT L HAT? MAT 3, MAT 4, AT, MATH)

RETURN
<N

THE TRANSITINN MATRIY ¥,]5,¢

105

SETLE By HX, PHTIMAY
=, EL5. €}

w, 26T B

170977

CAT
TAY
AT
FAaY

1.,7=03)y 60 TN 70 FAT

TERMS®/)

=% ,Ff15.6.7°

AT
Fay
» AT
AT
EAT
TAT
EAT
TAT
EAT
arv
AT
ar
AT
FAY
Farv
Zav
EAT
car
€ Aar
EAY
Iar
EAT

oy

Tha L2 anlss

€q
60
ht
€2

6l
13
18
Y4
€8
€9
’0
"
72
1
T4
15
14
17
7R
79
B0
41
a2
L
LY
RE
LI
L¥4
L}
a9
30



15

20

25

3

«0

45

TLHEOUTINE

ya

b

ke ¥s

TIGEN PI/TN BLARS!

FTIN «,”¢75060

QURKOUTIAE STGEN (N W1 (W2, W3, ACOTR,I0TL,ROTI,L,ROTI,

LMY, MY PUGMS AT 1 MAT 2y MAT 3, MAT L, MBT S, MATE)

NCMMONZCONDZFEAD, SYSTEM OUTPUT NX JNY NUSNXCNUCNL,NM2,0IRITL,.

L1CONTURGNUME RS JFRPS TRESPMODTL +NSCALT o SAV,CHA T ,NK2,1FLAG,
LIGNFI9M  IPT R EAT I MIX TDyMULTRTGSCAPLT 4 Z0H, KQUMT

INTFG K READ, SYSTEM, DUTPUT,FORM,CONTURSAV ,CHAT,REAN T,

INTFGAQ DIGITL SCAPLT, /0
DIMENSION MUELD 200, HH(28),P120),KDE25)Y
DIMENTION WL EMY JMX) p W2 (MX 4MX) (M3 (MY, MX)

DIMENSTON RODTR(MX) 4 ROOTI(MX 1 ROTRIMX)ZRCTIIMN)

COMMONZUDIM/ MY, MY M) N

THIS SUBROUTIN® FINDS THT FICENVALUES OF THE INPUT MATFRIX (W)

NIGALE=0 N0 PRECINDITIONING OF THF INPUT “ATRIX IS QONZ

NSCALE =1 SCALF T3 CALLED TC SCALZ THE INPUT MATPIX €Y A
DIAGONAL STHMILARITY TRANSFCRMATION., THEN THF
FIGENVALUES NF THF IRREOUCIBLE SUBMATRICFS ARE

VETEPMINFD.

NSLALF=2  PEDUCE IS5 CALLIO YO DRTERMINE THE

IRRENUCTALE

SURMATRICES OF Wi, THEN THE EIGENVALUES 0f THS
INOIVIOUAL SURMATRICES ARE DSTERMINED.

COMYCN/SLBMRITZ TSUINAYM
TFOTS)ANAM, GF 4 2) WRITE (3,990)
130 FORMAT [1X,*ETIGEN®Y
ITFRNT=]
IF (NSCALELEG.0) GO TO 50
IF (NSFALE,EDL2Y GO TO 100
CALL BSOALE (NgJ oMy MY P, W1, W2,43,RO0TR,
1MY Y MU MS G MATL, MAT ?y MAT 3, MATL, MATS, HATE)
5C TC 101
100 CALL REDUCE (N J MM ¥ W1 ,H2,WY,
LMY MY MU, S HA T, MAT2, MATI MATL M ATS, HATE)
GC TC 13t
31 D0 51 I=1,4N
M, 0=1
51 NONT INUZ
MMLLY=N
J= g
101 CCNTINUE
KRUNT=0
ng 208 T=1,J
NE=MM{TY
N0 110 C=1.NS
00 110 L=14N3
W2 UK LISWE LM KY (MU, L))
11/ CONTINUR
CALL HESSEN (W2,N5,R0TR,
TMX MY MU MS MATY MAT? yMAT Y AT ,MATS MATR)
CALL NREIG (NS,RCTR, ROTI, IPINT, W2,
LMYy MY, MU NS, MATL  HAT2, MATI, MATL MAT5 M ATE)
TF(SYSTEM.FOL3) GO TO 3
IF{NCNTUR.EDL1) GO TO 3
[ A

106

FRPC,TRFS?

61709/ 7¢

EIGEN
EIGEN
TIGEN
ZIGFN
EIGFH
IIGEY
EIGEN
ZIGEN
SIGEN
EIG:N
ZI6GEN
SIGEN
€ IGEN
EIGEN
EIGEN
TIGEN
EIGEN
EIGEN
IIGIN
EIGEN
£ IGEN
ZIGEN
EIGEN
ZIGEN
EIGEN
ZIGEN
EIGEN
EIGEN
I IGEN
EIGEN
CIGEN
£IGEN
EIGEN
EIGEN
EIGEN
EIGEN
EIGEN
EIGEN
Z IGEN
EIGEN
E IGEN
EIGEN
EIGEN
E IGEN
EIGEN
TIGEN
EIGEN
SIGEN
ZIGEN
EIGEN
EIGEN
IIGEN
EIGEN
EIGEN
EIGEN
EIGEN
S IGEN

14,2451,
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t

-1

20y

N

r3rte cPT=zq

IFEFNeM,EN, 20 CO TD 6

130

10 813 J+=1,NS

IFPATI (SN LT 0, GO TO LA

13= )31

KCEJ = je

CCNTINUE

WRTTZC7) 43, LROTRIKNAK) ) 4 RPCTT (KL INY) 4X=1,403)
TFIFCRM,50,2) GO TO 7

WRITE (31,3001 (RCTRCIII,ROTI(TT), IT=1405)
CCNT INUE

FOPMAT (/(7F30.8))

ND 128 X=14NS

ROOTR(KEUNT+K) =RCTR (%)
POOTIIKCUNT X I=RCT (X))

CCNT TN

KRUN Tz K2 UNT #N 5

CCNT INy

PETURN

ENT

107

FIN

~e P4 75000

01/739/7n

FIGN
IIGN
EIGTN
16N
16°M
IGEN
6N
165N
67N
[GEN
€I6EN
FINEN
EIGEN
FIGEN
TIGTN
ZIGFN
EIREN
II6EN
EIGEN
EIGEN

BRI R R ETNT

14,0



g

35
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994

71

26T
7h

v

0

73

201
78

SLPRCUTINE FRORSE (NNUM,NN,CATN,I¥00,RCOTR4RODTI,ROTR,ROTI,SAVY,
1SBY?, INY, INU,

PMACMY G P MG, MAT L MAT 2, HATI MATL,MATE,HATE)

FEAL IFRTO,

IIMENSINN ROOTR(MX) ¢ MOOTT (MY JGOTR{MX) 4ROV I (MX ) ,SAVL (MS),SAV? (MS)

COMPLEX KNLJRN2 4RO ,202

INTZ 6P TwWo, FOUP

COMMON/LARFL/INPTOUTPT,TITLY

PEAL INPT (101, CUTPT{20),71TLT(8)

CCMMTHN /T ONT/RFAC, SYSTEM, OUTPUT JNX 3NY  NUs NXCy NUC N1 N2 CINITL,
1OCHTER (MUMERS JFOPS, TRESP MO "L yNSCALE +SAV, CHAT yNX2, TFLAG,
116D FAUM, IPT (REANT, MIX [ MULTET,SCAPLT 2 0H KCUNT

INTACSC READ,SYSTZM, QUTPUT,FORM,CONTUR SAV,CMAT,READY, FIPT,TRISP

INTECEE NIGTITL, SCAPLT., 70K

CCMMINZBCONN/ DELT FINALT G IFREC,FFREQy CELFFQ, GATM ,GAINZ oM

CCMMIN/SURNRTT/ TSUINA M

REAL ©3T

OBTA TRA/2/4FQURZLS

DATA PST/IPHFRER ’

TF(TSUPHAMLNE (2) WRITE(3,930)

FCRWAT (1 v ,*FRQRSP®Y

TF(FNIM GT M) WRITIU7IESTWTITLS ¢SYSTEMMODEL OIGITL, SCAPLTY

=1

IF (IMCY.FNL2Y GG 1D 70

IF (ZICTTL.M7,.0) GO YO 200

WRIT™ (3,71) OUTPTULINY ) INPTLINY)

CORMAT (//75X,A10%/%A10,*FRTOUENCY RESPCNSE S-PLANE®//% FREQUENCY
1%,5%,%2MPLITUCE KATIO® QX ,*PHASE ANGLE®/* RAD/SEC®,12X+%D7 *517X,*
INEFRESSY /)

¢ T 7°

WRITZ (1,76) QUTPTLINY ), INFT (INYD

FOCHATY (//5X,A10,%/%310,* FRECQUENCY RESPONSE W=-PLANE®//% W-PLANI
1 S=-PLANE®/* FREQUNCY FREQLENCY AMPLITUDE RATIO
IOMASE AMGLE®*/12X,* RADZ/SEC®,17X,%08%,17X,*0EGREES®/)

IF (FORM.GT, ") WPITZ (7)THO,OUTPTIINY) JINPTIINU)

G0 To 72

IF (CICIFL.NZL0} GO TO 201

WFIT: (3,7%) CUTPTLINY) INFTOINU JOUTFT(INY) qCUTPTOINY~1}

FCRMAT (/76X ,%S-PLANF® ,A10,%/%,A10,% FREQUENCY RESPONSE*IX,AL10,%/*
1A10,*FRENUENCY RESPONSE®/* FREQUENY AMPLITUDE RATID®*9X,*PHASE
PANGLT AMPLITUDFE RAT IOPGX,*PHASE ANGLE */% RAD/SEC*1OX*C3*17X4*DE
INRFESE ,1 IX,*0N8%, 17 *DEGREESS /Y

GO Tn 77

WRITS (3,7R) OUTPT(INYY, INPT {INU},OUTPTLINY) ,OUTPTL{INY -1}

FORMAT (//6X ,*W=PLANE *,810,%/%,A10,* FREQUENCY RESPONSF*3X,At0,*
1/7%,810,% FREQUINCY RESACNST /¢ W-PLANE S-PLANE*/* FREQUENCY
2AMPLITLDY RATIO¥OX,*PHASE ANGLE AMPLITUDE RAT IO¥9X .*PHASE ANGLE®/
I%  RAD/SEC*10X,*08% 17N, *0FGRETS*, 13X, *08%, 18X, *OZGREFS*/1

77 IF (FORM,GTe ) WRITE(TIFOURLZOUTPTLINY) 4INPT(INUY ,OUTPT (INY) ,QUTPT

2

1{INY-1)

CONT INUS

FREQ=,1/1,15

IF (NIGITL ED. 0o CR INY.GTo1 JOR.INL.GT.1,0R.FRPS,EQ.~1) GO TO 91
IF (IFPENLEQ,0) GG TO 90

IFRFO= TAN(IFREQ*DELT*,.5)

FFREO= TANCFFREQ*DELT®,S}

50 YO 91

108
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FRORSP
T RQ&SP
FRQRSF
FRQRSP
FRQPSP
FPARSP
€ RQeSP
FRQRSP
F RQRSP
FROQRSP
F RQRS®
TRQRSP
FRQRSP
FROPSF
TRORSP
F RORSP
T PQRSP
FRORSP
FRORSF
FRAQRSP
FRQORSF
FRAQRSP
FRQRSP
FRQRSP
FRQRSP
FRQRSF
FRQRSP
£ RQRSP
F RORSP
FRORSP
FRORSP
FRORS P
FRARSP
FRORSP
FRQRSP
“RORSP
FRORSP
F RQRSP
F RQRSP
FRORS P
FRQRSP
F RORSP
FRARSP
“RORSP
FRORSP
FRORSP
FRORSP
FRQRSP
T RQRSP
f RARSP
FRORSP
FRQRSP
FRAURSP
ERARSP
FRQRSP
ERORSP
FRARSP

14.72,.5%,

. a s e e e e e
CRNANF UL OIDENTNF 4N

N
o

Ny AN
oWV N

- NN
D20>®~

NE 4 & F D PEE L r g m e A el
DRBI TN N o OBNTNE NN

IRELRS
-

L ELER]
N & W

=



7n

100

e

SUHERUTIMNG Fegpap T3/ 7w oPT=1 FIN 4, 24750860

40

9
a0

LB

21

K.

®n

11

FF270z TANIRT7,.,/7572.3)

1F7¢ TAN(FREG * DELTI*. D)
WFLF20= 1415

CONT INLT

CCONYINUS

IF (IFR7 340, 2., 8N0. DIGITLLEC,2) GO TC 80
TF (IFQFN.NE.O«sANDJDIGITL,EQ.0) CO TO 81
IF (IFRTNEQeDANNLNIFITL.NELTY (O TO 82
IF LIFSE0.NT, 0, ANDLNIGITLLNE, 7} GO TO 83
Fo ]:l.l"«‘FQ.’n

IF (4N LY FFREQ=160,

G310 As

IF (J,EN.1) GO TN A5
FRTO1=FPFN®]IF LFRQ

H5C TO 44

FRFQ=IFRCQ

GN TO 84

If (FPF5.EQ.-1) GO TC 81

IF (JE0.1) K0 YO 85

FRAz1,15%REQD

G0 TO +u

FRI)-TANIFREY *NELT®. T}

5C TC Be

IF (4, 20.1) GC TO RS
FR-N=FRTNENDELFEN

CCMTINLY

ONI=rMPLY (1.0,0.0)

S0 =CHMPLY (1.0,0.00

Xk= 2.0

X1-= f2:0

nC 21 I=1.NN

[F (FRP5,NE.=1) GO TO 21

YRz CAT(FREQ®LELT)

¥I= SIN(FREN®CELT)

IF (T.GT . NNUMY GO YO 6

QRZ = CUPLXIXR-ROTRII}, XI-ROTI(IN}
IN1= 9N ¥RND

02z GMPLX[XR=ROOTP IV, XI-RONTICIH)
£71=2n1% 02

COMTINUF

ANI=GAIN*RNL/RCL

BHT=TANG(RD 1}

REAL1I=RTAL(ROL)

AMAG=ATMAG (RN}

AMPRAT = 50RT(APAGH**24REALLI®®2)
D=2, %ALOGL"{AMPRAT)

IF (IXCN,EN,N) 6N T2 30

IF (IM(NLEQRL?2) G0 TD &0

SAavLtJI=NE

SAVZ (JI=PH]

TF(FQRM, EQ,2) GO TO 6

I€ (NIGITL.NS, O . AND, FOPS (NE. =t} GO TO 79
WRITE (T,50) FR0,07,PHI

GC TO 11

CMFGA= ATAN(FREQY*2,/7/0F5LT

WRITE (3,511 FFEQ,OMFGA,CR,PHT

CONT INLE
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FRAPSP
FRNRSF
FRQRSP
FRORSE
FRORSP
FRORSO
FRQRSP
FRORSF
FRARS?
FRQRSP
FRARS
SRORGP
FRQRSE
FRORSP
FRQASE
FRQASP
FRORSP
FaqQrRs P
TRARSP
FRARSP
FRQRS®
TRORSP
FRQRSP
FRQRSP
FRORSP
FRQPSF
FRQRSP
FRQRSP
FPARSP
TRQRSP
FRORSP
FRORSP
FRQes3e
FRARSP
FRORSP
FRIRSE
FRORZE
FRORSP
F RORSP
TRORPSP
FRQRSP
FRORCP
FRORSP
FRORSP
FROPSF
FRARSP
FRORSP
FRORSP
FRORSP
TRQRSP
FRQRSP
FRORSP
FRQnse
FRGRSP
FRARSSP
FRARSP
FRARS®
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121

40

TFLFCO¥, EQ,CY GAQ TO 60

WRITH (7)1 FRFQ,00,P4]

CONTINUS

60 TN A0

A=N 1-SAVL LD

=PH-AVZ( I}

IF(FLRM.FQ.2) GO TO 7

IF (DICTTL.NE. O «8ND. FRPS (NFf. =1) GO TO 12
WRITF (3,%0) FREN,M,PHI,A,R

GO 10 13

WRITE (3,510 FREQ.DMEGA, R, PH1,4,8
CONT INUF

IF(FCRM, EN.0) GO TO 60

HEITE(7) FREQ,CH,PHI,A,.O

CCNTINUE

FCRMAT (F10, L, 4£20,351)

FORMAY (2F 10,4 44620, 5)

NENE DY

IF (FREQG,LF.FFREQY GO TO 100
CONTINUE

IFCFNRY, 70,01 GO TO 8

=99

IF(T4E0,€Q.2) WRITECT) JD,DR,PHI,A,B
[FUTIMQDGNEL2Y WRITELTIIC,004PH]
CONTINUF

RETHRN

ENP

et
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FROPSF
FRORSP
sRQ2P
FROPSP
TRQR SO
FRARSF
FRAPSP
FRARSP
TRQSP
TRAR P
F RORS P
Fenase
F RQRSe
F RORSP
FROPSP
FRORS P
RN <P
FRARSP
FRQRSP
£RQRSP
FRQRSP
€ RQRSP
FROR 5P
FRQICP
FRQRSA
FRQREP
FRQRSP
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37
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43
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31
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GURIQUTIHNE HISTEN (A M40,

1Y GHY MU HMS G MAT | MAT 2, AT 3, MAT L, MATS, MATE)

OIMINSTON BEHX) AL M X}
COMMON/SURWRIT/ ISUBNA
IFLTSUPNAM,G,2) WRITECY,970)
FOOMAT (L X, *HESSEN®)

IF (M=7) 10,130,37

N0 %) LM = 3.M

NoT oM - (L o+

MY = N -

o= N -2

NI = N1t

TIv= ART (AINLN-1))
a6 2 4 = 1M

[FI ARRCAMH, I I=DIV) 2,2,1
NT =

JIv= ARS(AIN,J))

CONT INUF

TFINIVY 3,60,

IFINT = N1Y 4y 7on

05 J = 1,4

NIV = ACJ,HIY

ACJ,NT) = ACJyNL}

ACJ, N1 = uTV

CONT INUF

no s J = 144

Iy = AUINILUDY

AINT,LJ) = AdN1, )
AfNL Y = DTV

CONT INUF

NN 2k X = 1y NIt

RIKE = A(N,K)ZA(NyN-1)
NONT INUS

00 35 J = 1,4

SuM o= 1,1

IF €3 = N1} ub,43,43
IF(a eI Glo b3 bt
A(N,JY = 0.0

NO 42 X = 1,MY

Al ) = A(K.J) = ALK NLD*A0YY
UM = SUM ¢ A UK ,,H 1% (KD
CCHT INLF

GN TO 45

NC 4w K = 1,N1

SUM = UM o+ AKX, J1*R(K)
CCHNTINUE

AMNL,J) = SUM
CONTINIGF
RETHON

FHn

111

FIN 4.2475060

01709774

HFESTON
4E£S3FN
HESSEN
4ESSIN
HESSEN
HZSSIN
15556
HESSTN
HESSEN
47SSEN
HESSEN
HESSEN
HESSEN
HESSEN
HESSEN
HESSIN
HESSEN
41ESSEN
HE SSEN
HISSIN
45SSeN
HISSEN
HESSEN
4ESSTN
HESSEN
HESTEN
4ESSEN
HZSSoIN
HISSIN
HESTEN
HESSEN
4ISSEN
HESSFN
HESSEN
HESSFN
HISSEN
HESSEN
4ESSEN
4ISSEN
HESSEN
4ESSEN
HESSFN
HESSIN
HESSTN
HESSEN
HFSSFN
4ESSEN
HESSEN
HZSSEN
MESTEN
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INPUTY T3/70 CPT=1 FIN 4, 2¢7575¢

SUTRMITING THPUTVIDSLT (T ,U,

TMY MY (MU GMS(MATY MAT2 4MAT , MATL MATL ,MATO)
COMMONZEONN/READ S SYSTEM, QUTPUT oNX o NY S NUGNNC g NUC (N1, DIRITL,
ICONTUR JMUMERT JFRIG  TRESGP ,MONTL (NSCAL® ySAV, CHAT (NK2, TFLAR

JTICOFNEM TRT, RIANSMIXI CoMUL TRTy SCAPLT ¢ ZOH, KQUNT

INTUGER REATLSYSTEM, QUTOUT (FO&M,DINTUR,SAV ,CMAY,,RFAGY, bape TRE50

[NTIG C NIGITLLSCAPLT,/Z0H
DIMENTICN UMY

1SS P WRITTFN SUPRNUTING CONSTRULCTING INPUY YFCTNR FC? TRANSL °NT
RPESPONSE,

COMMON/SUBHETIT/ ISHINAM
TFCTIUANAM,GE,2) WRITE (3,990
FORMAT(LX ,*THFUTY ™)

IF (T,6T.N,3) RETURH

REAN (1411 (UL oI=1 o NI

IF COF (1 NEL() STOP

FCOMAT (HFL12. 41

2ETUTN

NN

112

01709/7%

I NPUYTY
INPUTY
INPIITY
INPUTY
INPUTY
[NPGTY
INPUTY
INPUTY
INPUTY
INPUTY
[NPYTY
INPUTY
INPUTY
INPYTY
InPYTY
INPUTV
INPYTVY
INPUYY
INPUTY
INPUTV
INPUTY

16 7%, Fu,
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SLARPIJUTTIAF T Aye 73774 0LT=1 FIN +4 7475250 C170377n  t6.NM3,0F,

SUARPQUTTNE INVR (A, 0, 04J,1T7, I NVYR 2
UMY G MY MU MS MATE  MAT?  MAT 3, MAT L MAT S, MATE} T NVR 3

O PREOGEAM ANTHORS R.E. FUNDTRIC ANC R.G. EDWARDS, INVR [
O RAMPYTING TECHNOLOGY CENTZR, UNICKN CARAIOCE CORP, s NUCLFAR DIV., ITNVR 5
TONAK RICGE, TENN. INYR [
Iy I NVR 7
¢ CTe o NRND PPCLRAM NO. 9067,1 [ NVR A
TIM NS TON ALMX JHMX ), T EMX yHX) I NVR 9
COMMON MONR/PERD, SYSTEM, QUTPUT o NXNY, KU NXCyNUC NI M2, NINTTL, I MYR 19
LCONTUR, MUM RS, FRPS, TRESP JMINEL «NSCALEWSAVCMAT NK2,IFLAG, INVR 11
1IGN,FNUM  IPT G REANZ M IXC A, MULTRTSCAPLT, 704y KQUNT [ NVR 12
INTFEGFR REAQ,SYSTEM,DUTPUT,FORM,LCNTUR,SAV ,CHMAT,PFANT, FRPT,IRFSP [ NVP 13
INTFGTP NIGITL, SCAPLT, 70M INVYR 16
COMMON/SUBWRIT/Z ISUTINAM I NVR 1S
TFIICURNAMGARF (2) WRITE(Y,Q9N) T NVR 16

990 FOPMAT (1X,* INVR®} INVR 17
MATY MK Thve 18
MBTP =My INVR 19

IF (IPT.LT«1) GO TO 70 I NVR 20
WRIT- (T,71) INVR 21

Ty FORMAT (/¥ MATRIX ENTERING INVR AND ITS INVERSF®/) INVR 2?
TALL SPITY (A,3J00+d04, I NVe 23
TMU, MY, MUy MS, MATL,MAT2 , MATI, MATL ,MATS ,MBT6) I NYR 24

70 OSONTINUF NV~ 25
IF (JJJ.NELLY GO TO SD INYR ”6
S0, 1) =1, 7A01,1) I NVR e?
PETURN [HVR 28

S reMTINUS INVR *9
% 21 I=1,J0J INVR hi:)

ne 29 »=14JJ1 INVR kR
AtT.Jr=0,0 INVR 32

20 CONTINUS [ NVR 33
AT, 11=1.0 INVR 34

21 CONTINUE [ NVR s
R JJdJ INVR 36
MV=JJd I NVR 37
n=t, ITNVR AL

IF C€JJJ. LT 0MD=0, INVR 19
KKH=KK =1 [NV 40

no 9 I=1,KK™ INVR w1
TG0 INVR «2

an 1 J=T 4 KK INVR 43
R=AASLAL S, TH) INVR Ll

IF tRPJLTLSY GO TN I NVYR W6

Q=3 INVR . 6

L=J I NVR L7

1 CCNTINLE T NVR 48
IF (L.¥7.1) GO YO ¢ INVR « 9

0 2 J=1,KK I NVR 50
S=AlTs O I NVR a1

AT ) ALWD) INVR £?
AL, =5 {NYR » 3

2 CONTINLF INVR 4
IF(NV.LT.0IR0 TO & ITNR s

ne 2 oJszt, Ny I NVR °h

MU RN ] INVR °7

AT 4= (L N I NVR 8

113
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74

75
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8
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SURENUTTAE

TR

Tt OPTEY

RlL, p="

T LCONTINUS

0 ®~

12
13

72

37

N==0

IFCALT, 1} EN, 0,160 TO 9
1FD=1+¢1

00 & J=1PQ,KK

IF (A¢J,IV.ENLO.Y G) TO B
Szafd, IV /ACIL.T)Y
2tJ,11=0,0

0C & X=IPO,xK
ASX1ZA (JeK V=B LI I*S
CONTTNUE

IF (NVLLF.0) GC TO 3

00 7 K=t,NV

CEFPRSERTINIT ARLESTL S R
CONT INUF

CONTINLF

COMT INUC

00 10 [=1.,KX

D=N*AlI, I}

CONT INUT

IFINVLLE.DIGN 10O 13
KMO= KK =1

DC 12 K=1,NV

BAKK G K= AKK K 7AIKK GKK )
DO 12 I=1,KM0

N=KK -1

N0 11 J=NWKMO

AN ZKI =R AN, K1 =A(N, J* 1) *RIJe 1, K)
CONT INUS

AN LK1= INGKC)ZAINND
CONTINUE

OMAT-Q=D

IF tIPT,LT.1) GO TO 72
CALL SPITL (.JdJddsdidy
TMX G MY QMU G MGy MAT L G MAT2  MATI MATAFATS ,HATE)
CONTINUC

IF C(IT.5N.0) RETURN

OB VIS ED N NN

0o %1 J=t.JJJ

IF tA3S{ALT,JI1.LT.1.E-310(T. V=0,
PCNTINUT

RETUN

END

. 114
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INVR
INVR
INVR
INVR
I NVR
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I NVR
INVR
INVR
L NVP
INVR
I NVR
[ NVR
INVR
INVe
I NVR
[ NVR
I NYR
INVR
I NVR
INVYR
INVR
INVR
INVP
I NVR
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«0

Ly

tarn TITy cP'= FIN 4,2¢757¢

SLARCUTINE LAt (AGR Ty Hy Gy Fya X1y K2yK34KbyDy
TMY MY, MU MS  MATL  MAT? g HATI (MAT L MATS ,#ATH)

[HIT SIMIWADTING L0305 ALL MATRICES ACCOROING Y0 THE
DASAMETERT, TYSTEM ANG QUTPLT, LSING THE SUBROUTINF LDAD}

COMMON/ZCONDZ »8 80, SYSTEM, JUTPUT NXyNY, NUy NXE,NUC N1, N2, CINITL,
ICANTIHR P JMTR S FINS, TRESP ¢MOINTL +NSCALE (SAV , CMATY |NK2,TFLAG,
LIG),FRRM,IPT RTANS,MIXECMULTRT,SCAPL T ,Z0H, KQUNT

INT 050 REAN, SYSTEM,QUTPUT,FCOM,CCNTUR ,SAV ,CMAT,RF8DY, FOPT,TRSD

[MTEL70 AIGTTL, SCACLT, 70H

REAL K143¢2.¢3,Kis

FTHMTNTTAN ALMX G MXD o 3 EMX MUY o D EMX  MXE o H (MY MX D o G UMY M) oF (MY (MU,
UK OMUNY ) o 2 (MU MY K (MM X Y s KO EMU, MX), NEMU, MUY

COMMON/ZS LAWRTT/ ISUINAM

IFETUPHAM, L,C, 2 WRITE(I,Q490)

490 FLRMAT (IY,*LLNACY)

MAT =M
MAT2:mx
NMAT =0
CALL LDANT (A, NYX,NY, HMAT,
TN MY, MM MATL  MA T ,MATT, MATL MATS (MATE)
"AY":"U
CALL LCADL (7 NX,NU,NNAT,
TMY MY g MU MG, MATE,MAT? AT, MATSL ,MATS ,MATE)D
[F TCMAT, FR.3) GN TO 20
MAT =MX
MAT2=Mx
CALL L0BYY (O NXyNX NMAT,
LN MY, My MG MAT L, MAT2, MATE , MATL ,MATS ,MATS)
60 TC «¢
29 MAT? =M
CALL ZCT (0, NXyNX,
IHX, MY MU MS MATL JMAT 2, MAT 3, MATU MATS ,MATE)
NC 21 I=1 4NY
21 C{l.I1=t.0
L, CONTINUE
IF (rIXFN.EQ.1Y GO YO 51
GO TN (50.50,E0),SYST=N
60 MAT{=My
MBY 7= 4X
GALL LCADY (X1 NUNX NMAT,
IMX G MY G MU MS MATL  MAT 2, MATS  MATL MATS MATE)D
IF (NK?.£D0,08) 6O TO A2
CALL LCAD1 [ K2, NUL,NX,N4AT,
TMX MY M1 MS g MATL yMAT2 y MATE (MA T  MATS yMATS)
A7 CNNTINUS
IF (N?2,7°0,0) 6C TO bb&
DALL LOADL (KI,NUNX,NMAT,
TMY MY, M MS ,MATL ,MAT? , MAT3 , MATL ,MATS ,MATE)
IF (NK2,E0. 01 GD 10 64
CALL LCANL (X4 NU,NX,NMAT,
TMX MY MU GMSGMATYL JMAT? y MAT3 , MAT L MATS (MATS}
5L CONTINLE
GD T 204
50 MATL=MY
MAT2=MX

115
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LoAC
LJAD
LOAD
LoAD
LOAD
L 0AD
. 0an
Loan
LOAD
. 0AN
LOAN
L NAD
L0AN
L0oAn
LOAN
-0489
L0ANn
L0OAND
LOAN
LIAD
L0AD
L JAD
- 040
LOAD
L 0AD
L0An
L 0AD
-0QAD
L NAD
. 04D
LOAD
LOoAN
L0An
LOAD
Loan
. 0AD
L0AQ
LOAD
- 04N
LOAD
LOAD
LOAD
LCAD
LOoAC
L0AD
- 040
-0AD
L 08D
LOAD
LO&D
- QAN
L 0Aan
LOAD
LOAQ
~04an
LOAD
LOAD

te,r2,3a,

Ve ~NOnE N
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oy
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L

45

SURENUT LN

LOAC 73774 cPi=L

CALL LOANT (HyNY(NX,NMAT,
TMX LMY MU MS,MATL , MAT? AT MATL,MATS NAT )
GC TOUINY,57,57,%R) ,QUTOUT
56 CALL LOADL (GaNY.NX,NHAT,
TMA MY MUGMS MATL MAT2,MATI, MATGL MATS , MATED
G0 TO 100
87 MAT?=my
CALL LCAD1 {FyMY NUSNMAT,
IM X MY, MU, HS, MAT I MAT 2, MAT 3, MAT 4 ,MAT S, MATE)
6C 17 100
58 CALL LCADY {54 NY,NX,NMAT,
TMY MY MU MSGMATE MAT 2, MAT 3, MATL MAT G ,MATS)
MATZ =M1}
CALL LOADYL (FoNY,NJ, NMAT,
LHX MY MU MG G MAT L HAT 2, 48T 1, MAT L, HAT 5, M ATH)
100 IF (MIXED LEQ. L)} GI TD 200
50 TY (290,110,200 ,SYSFCH
110 mATi=MY
MAT 2=MX
CALL LCADL (KL4NUNY,NMAT,
TMY MY MU MS MATL MAT? , MATI MATL,MATE,MATE)
IF INK2.EQ.0) GO Tn 66
CALL LCADL {K2,NUNXJN4AT,
TMN oMY o MU G MS S MATL (MAT2 4 AT MATL, PATS MATS)
&6 CONTINUF
MAT 2 =My
CALL LOBD1 (D NUNU,NMAT,
LMXe MYy MU MSy MATL MAT2, HAT 3, MAT 4y MATS (MAT G}
200 RETU®N
£NO
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LOQAD
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LOAD
LOAD
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LOAD
LOAD
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TAry

EED|

n
sqn

TUEROU

NIMTNSION A(MATE,MAT2)
JTURHRTIT/Z TSUANAM

CrmmeN
IFC15U

NMAT=ZN
FO24a8vY
REAN (
IfF ¢'n

TF NV, FTJH ANDN?,EN M)

WeITH
FORMAT

RIRT
CEAR
IF ton
CONT IN
FORMAT
PETURN
cND

IARZ4Y cpi=y

TINS LDANY

NRAMLGT L2

~aT et
t2rem
13101 NL N
Fl1),NF LN

(A Ny MeNMAT,
MX MY MU MG MAT] MAT? , MATS MATU,MATE MATE)

WOITEC(3,390)
FORMAT{I Y, *L0AM1™)Y

<Tnp

9 o 20

(341003 NMAT N ,M N1 N2

{/7/77,10%,* WARNING
B *y 1Sy ® J¥*,12,*

1=1.,N

NYMENSTON OF

122090 (R(T, J},0=1.M)

FU1dy M=o ny
us
(AF10.,4)

STQP

117

FIN w. ¢ 75040 N173977¢

HUMAFR®,12,% MATRIY SHOULD

AUT IS°*,15,% RY*, J24//)

LOADY
LOADY
.0ANg
L 0OADY
L 0ADY
L 0ADY
LOAD!Y
L 0AD1
L OAD1
.0AD1
. 0ADL
LOADY
- J4AD1
L 0ANY
L0ADL
-0AD1
L 0ADY
LOANY
L CAD!
LOANY
LOAD!

ta.1t.a®,



SUMEDUTTINL MAKST TrITG neT=1 FIN 4.

SUPROUTTINE MAKE (A¢34NyM,
TMX, MY G P MG, MAT L, MAT2 MAT T MATL (MATS ,MATH)
DIMTNSINN A(MATL MAT?) ,R(MATI,MAT.)
CCMMON/SUNMRITZ [SUINAM
5 TFCTCURNMAM G 2) W2 ITZ (1,970
10 FCIMBT(LX,*MAKS %)
a0 17 I=31.N
N0 10 J=1,4
A{l,N=R(]I,))
19 10 CCNTINGT
QETURN
N0
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HAKST
MAKFE
MAXT
MAKE
MAKE
MAKE
MAKE
MAKE
MAKS
MAKE
MAKE
MAKT
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GUBROT TNe

YA 0

SUARATTME MATRIY (A4 0, HpGeF oK K7, K2y K40y WL, W2, W,
EMN MY MU MG, MATL  MAT?  MATI, MATL,MATS MATED

COMMON/CONDZRE AD L SYSTEM y OUTPUT o NX ¢NY s NUGNKC 4 NUC yH1 o N2, CTHITL,
1GOVTUR HUMTRS JFRPS, TRE SO MONFLNSCALEZSAV,CMAT NP, [FLAS,
t1GCs FCRM, IRT ,FEANZ MIXS L, HULTRT (SCAPLT 4 79H ,KIURT

INTZGES READ SYSTEM,QUTPUT (FCRFyCONTUR,SAVCMA T, FRPT, TRFP,RIADS
INTZGER DIGITL, SCAPLT, I04

CCMMONZAGENNZ CoLT CINALT,IFREN,FFREN NFLFFN,GATHL,“AIN?, M

REAL K1 K2,K T Ky IFRFQ ™M

NIMENSION ALY oMUY g FUMNGMUD GO UMX MY D GH (MY (MX ) GINY (MX) (F (MY 4 HU),
PRLCHUGMY b K2 EHU QMY K3 (MU MX) JKL EPE, MY ) DMUMD,

PWHLIMU G M) g HZ MY MY, W3 (M MX}

OIMENSTON GRAFPH{20,5) 4 RLOCK (2N, XY JNUMEFI20,5) 4DENOML20,5),
YGAIN{200 3STATF (20,41 y ITHINY (30), ITHINU (20D ,¥YTOVIPC, 20,
X  7T0UC20,2) 4NXYU(A),YZTOK(20,2)

REAL NUMER

INTIGER GRAPH,L,ALOCK 4STATE YTV, ZTCU,YZ2T0K

CCMMON ZALKNE T/ NUMER, DENOM, GAIN,GFAPK ,BLOCK,STATE,YTOV,
X 7TCUGYZTOK, ITHINY  TTHINUSNALCEK JNY TCURNZTNU GNXYU,N YZITOK,
¥ ONXTGNY T NUT.NYL,NUL

USFR WRITTEN SUBROUTINE TO CONSTRLCT SYSTEM HATRICTS UNDER CONTA3L
OF CONDITION CONES

CCMMON/SUBWCTT/ TSUANAM
IF(ISUPHNAM,.GE(2) WPITE (3,990}

G0 FORMAT(1X,*MATRIX SUBR 2%)

RETURN
END

119

MATATX *3/T4 COT=t FTH 4. 2075060 p1/0Qs7:

MATRY X
MATRIX
MATRT ¥
MATIx
MaTeTXY
$ATIY
4ATRIX
MATRIX
MATRIX
MATRIX
MATRIY
MATRIY
MATRIY
MATRT ¥
MATRTX
MATRIX
MATRTX
MAT2TY
MAT R TY
MATRYY
MATRIX
qATRTX
MATRIX
MATRTY
MATRIX
MATRIX
MATRIX
MATRIY
MATRIY

1<012.7 1,

DD ™M AN

10

12
13
14
1
16
17
18
19
20

22
23
oy
25
26
27

?9
36



SUET T TrE ML

T T PPYT=t FIN

SLPROUTINE MULTY AL ,CoN M, K,

THMX, MY, MU MS MATL MAT? , MATS , MATL W MATS (MATR)
AIMPNSION A{HMATL MAT2) ,R(MAT T, MAT L) ,CIFATS ,MATE)
CCMMON/TURARRIT/Z TSUTINAM
IFIITUNNAM,GE,?) WRITE (3,930
FORMAT (1Y ,#H15L T®)

20 1% [~ 1N

nn 14 Lz1,X

XX=0,0

0o 1t g=1,M
AX=XYeBL T4 0P 2R L0
CANT INUT

CroLy=yy
CONT TALY
RETHEN
N7

120

01/709/7¢

"yLyY
L1V 4
MULTY
MULT
LY
MULT
MULT
LAV AR g
HULTY
MuULY
MULT
MULT
MULY
MuLT
MuLTY
MuLtY
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1imn

=
3

(IR RN

[T S Ia e ol

HMR P

RED]

=

=07

M

1 ERVE AR EX] FIN ... 8 a6l

AR UT T8 N EATSE (NN Ry Tty i F )y POCTR G OBT L 420710 ,ROTT,/eV,
1Wt W aW T, "8V MAV 2,
MY MY MU MG G HATE MAT2 MATE MAT  MATL (MAT H)

TR TOakmIPTINS O-TFERMIN: 5 TE: NUM-QATQRS NF TRAN FiR
FUNCTIOHTS 4y FIANING TH 4 ThI¥ WHCS[ FIGENVALUST ARE

THE 0 200 7 REOTS, SHUREAUTING FIGEN TS CALLEO Tn #1002
Tar o T NVAY USRS

SRR T N MONe Y, NNGERIS JulyY & 73X

V ANT FaTR, ANC 72 8NN 20T AFF ZAMEY %ATRIX

CCMMONZCOND/ ~FAN, SYSTEM OUTOUT (NX yNY JNUSNXCyNUCINEL N2 CIGTTL,
L1CONTUR JMUME Rk RES, TOF S0 ,MONTL yNSCAL T ySAV,CMAT JNKZ  TFLAG,
TURO L FONM L IOT  Wwe AL, MIXE D MILTRT ,SCAPLT 4 Z0H, KCUNT

INTTOUR WEAD, SYTTFM, nuUlPUT, FNRM, CONTUR. 5AV, CMAT, RrADS,
1 F9RY, YF5D

IR AER SIGLTL ,SCAPL T4 70H

CCHMMON/ZACONNZ DFLT, FINALT, TFRECFFREN,OELFRO(GATNL,CATNZ MN
kEaL INPTELD), OUTOTLZ0),TITLF ()

NCMMON /A AREL ZTNPTQUTP T, TLTLF

REAL IFQ. Q,MN

OTMr STON ACHX MY ), TIMY M) GO URX g M) g HIMY g MX Y [ (MY MUY  F (MY, MUY,
LOAMI MDY,
THECME,MXY (W2 (MY MXE W (MM} G ROCTR LMK}, ROOTTLEY )~ TR (MX},
TOCTIAMY) L 2(MY ), ¥ MY ) ,SAVL(4S) ,SAVZINS)

TIMTHGTAON ACLS 150, B015417), Cl1F415) 4 HU1S41 50, GELS,17),
1 FL17, 1M, N010,108

CIMFESTON W1(19,36), H2{17F ,15), WI(1G,15)

OIMr ASINN RONTE(1SY, RCOTICtSY, RCTR(L13), ROTI(19)
DIMENSTION LAVY {2000, SAV2C(20M)

NIMENTION VIEBY, 2114

COMMON ZSURKR I T/ TSIAAM

INTE T~ ON

DATA NHE 717,NUMY /0.3 /

TFITTUMNAM, AT, W2TTEL 3,940

FORMAT {1 X ,*NMPATO®)Y

NN 399 bzt Ny

I¥0N=0

N0 IR0 1-1,MY

MINN

Ne ROD 1x=Ey,NY

TF (HUTSIXY ,NF,0.N G TN f.N1

CONT INUS

WRITS (3,507 1

FORPMAT (//710%,*RIW *,12,¢ NF K MATRIXY TS NULL ®//}
WRITOUZIONG , DUMY, QUMY

6N T 4nn

COMTING

TF {F(1,J0 . 00,01 GO TO L19

NNEM=NN

G 1O Wit

nn @20 K=4,4%

2OTLUAKY=,

TF (HEI XN 404 1IRITRIKI=T,

CONTINUK

A0 40 Lt=14NN

N0 W21 K-1JNN

121

G1/7Q9rs7-

NuRAT
NHRA TV
NHRAT 2
MMRAT &
NM74T .
NMRAT
NMRATR
NMRAT &
NMRA TV
NMRATR
NHRAT @
NMRA TR
NYRAT R
NMRAT®R
NHRATR
NMRAT®E
NMRATR
NMRATF
NMRA T
NMRATE
NMRATE
NMRA TR
NMRAT ~
NMRATW
NMPA TR
NMRAT»
NHMRATR
NYRATR
NMRATR
NMRATR
NMPAT
NMRA TR
NMRATR
NMRATR
NMRA TR
NMRATR
NHRATR
NMRATZ2
NMRATR
NHRATO
NMRAT &
NMRATR
MMRATR
YMRATR
NMRA TR
NMRATR
NMPATO
NMYRATR
NMPATH
NMRATR
NMRATR
NMRA TR
NYRATR
NMRATR
NMRA TS
NMRATR
MMRATR

16,12, v,

NE e
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117)

L2t

-

LY.

L

740

20

NMR AT T3/TL CPT =t FIN «.2¢47C080

IF (RCT2(K S0 aCa0aIP MUK, JUD .50} GO TO 21
NAUMINN-LL

GO TO W3t

COMNT THUF

T1-sT=1

90 w<? X:1yNN

RCTT(KY=0,

CCMT INUT

N0 «?2 X =1,NN

NC «22> L21,NN

IF (K504l GC TD 422

IF (POTRIK)«FQ.0,0.0P. A1X,L)."Ca0.0) GO TO 422
POTT(LI=1,

IV 5T=1

FONTINYT

IF (ITEST.EN.0Y GO TO 469
N0 w23 K=1,NN
RCTRI(K)=ROTI(K)

CONTTNMUY

NCONTINULT

WRIT: (3,461Y JUhl

FORMAT (/13X *NUMRER®*,T4,* TINFUT 00ZS NOT EXCIYVE

1TPNT* /)

G0 TN 300

W2 (1, )=F LI,

MM=Neq

ne € K=P .MM

W21 K)=~HI[ K-t}

W2 (K 1) =n(K=1yJJ)

0C & L=?,MM

W2(K L I==-A(K=1,t-1)

CONTINUS

CCNTINLF

IF (IPT,.LT,2) €O TO 240

WPTT- (3,241

FCTMAT (/®* NUMERATOR MATRICFES*/)
MAT =YY

VAT X

CALL RPITT (W2 MM MY,

LMY $MY MU MS, MATT MAT2 , MATI MATL,MATS,MATE)
CONT TNIST

IF (W2 (1,1)) 181.8,181

10 133 Ti=t,LL

ne 17 =2 M4

IF (W2 (X41),NELJ, D) GO TC 22
COM T INUF

ST 200

M=K

TEITI=WP (M 1D

U0 70 X=1,N

a0 17 L=1.N

WEICK G LI== (W2 (K1 1377 0TI (N2 L1 )en2MM,L21))
CONT INUT

CONTINUT

N 30 Kzl 4N

10 27 L=1.N

122

01709/ 7¢

NMRATR
NMRATR
NMRATR
NMRATR
NHRA TR
NMRATR
NMRA TR
NMRATR
NMRA TR
NMRATR
NMRATR
NMRA TR
NMRATR
NMRATR
NMRATR
NMRATR
NHMRATR
Y HRATR
NMRATR
NHMRATR
NMPATR

DU NMRATR

NMRATR
WHRATR
NMRA TR
NMRATR
NMRATR
NMRATR
NHRATR
NMRATR
NMRATR
NMRATR
NHMRATP
NMRATR
NMRATR
NMRATR
NHRATR
NMRATR
NMRATR
NMRATR
NMRAT®
NMRA TR
NMRATR
NHRATR
NMRA TR
NMRATR
NMRATR
NMRATR
NMRATR
NMRATR
NMRATR
NMRA TR
NMRATR
NMRATR
NMRA TR
NMRATR
NMRATR

1L,1245F.

€9
€0
et
€2
€3
Al
5
6
124
A8
E9Q
0
71
2
73
74
7%
76
7
T8
79
L1Y
a1
R2
33
Ry
A5
4]
87
88
89
ag
91
92
33
ch
as
<6
7
38
<9
100
101
102
103
104
105
106
1¢7
108
109
110
114
112
113
114
116



11¢

120

12¢

110

(R L3

14

14F

1R

177

LERATT

Y 5o

[aRee)

MR

-
o

7

?

18
14

18

ATw 73/74 QP T =t FIN &4.2¢750¢8C
WA, LP=WR(K, L) #W2(K et ,L¢1)
CCNTINUT

0 CCNTINUT
IF (M=) 372,42,3?

S DN Wwh XK= 1 ,N

STIR =W (1, X}
W3lLeK)=WI{M=1,K)
WIl{M=-t,K)I=CTOR~
1T CONTINUF
7NN 50 K=K
G1:20.0
an 45 L=14H
GI=WIUIK,LI®(W2(L 1,101 /771TTDD¢GYE
. CONT INUS
WK, M=1)=0G1
6 CCONTINUF
TF (M=2) 52,67,52
? N0 &0 X={4N
STDIRE=WI(K, 11
WI (K1Y= W3, M=)
WKy M=) =STORE
N CONTINLE
2 G1=0.90
N0 71 KXK=1,N
N7 =W 11 KKK ¢11*H2 (KKK +1,1)+GY
1 CPNTINUY
0n 70 X=1,N
NC 70 L=1,4N
W2IKLI=W3IK, LY
0 CCONTINLY
WPl1,10=61/721011)
NsN=1
MHZNG |
IF ([PT,LT.2Y GO T9 180
CALL SEITE (W2, ¥MaMM,
LMY MY M MG MATL  MAT? AT  MATL,MATS (MATH)
3 CCNTINUT
1 CCNT INUZ
FOLLOMING STATSMENT ANNED  STPT 1972 DUF TQ CDC IRM NnQ LCOP
INNEX QIFFERENCT
TFIILe N, 0) II=IT=t
IN THF FORMa=-
an 18c TIst,LL WHERT Li=1
IT T-rMINAL VAtUrs 1S 2 ON CNC
I1 ToPINAL VALYUY TS 1 ON [ANM
IF (N,EN.0) GC TOD 137
Ne 190 XK=1.M
00 185 L=1,n
WICK L I==WP (414l 4106 ({W2IKEL, 1) N2 4Le1DD/N2U1,1 1)
T CCNTINUF

131 CONT INUE

17

19

7 DE= W21, 1)
TF (I1) 193,19-,193
¥ NN 195 ¥i=1,I1
NE=DI*ZIKIY

135 CCNTINUF

13

F CONT INUE

123

417137 7¢

NMRATR
NMRATP
NMRABTR
NHMRATR
NMRATR
NMRATR
NHMRA TR
NMRATR
NMRATH
NMRATR
NHRATR
NMRATR
NMRATR
NMRATR
NMRA TR
NMRATR
NMRATR
NMRATR
NARATR
NUYRATR
N4YRATR
NMRATR
NMRATR
NHMRATR
NMRATR
NMRAT &
NMRATR
NHMRATP
NHRATR
NMRATR
N9YRAT R
HMRATR
NMRATR
NMRAT®
NHRATR
NMRATR
NMRATR
NMRATR
NMRA TR
NMRATR
NYRATE
NMRA TR
NMRATF
NMRATR
NMPATE
NMR ATR
NMPATR
NMRATR
NMR AT
NMRATR
NMRAT R
NHRA T2
MMPATR
NMRATR
NMRATR
NMRATR
NMRAT =

147
148
19
1.0
1€1
1€2

1€t
15
166
1£7
1c8
1¢9
1790
paY

172



145

130

=3
2
3

240

215

275

SUw TUTING NuRa

14

199

edf

243

K

1000

az

3%
194

113

111

112
110

124

120

TR 73774 PLARSY FIN «.2¢75061( 017097 7¢
TF (AUNIL DY GG TN 139 NHRATR
WRIT- (3,219) QuTPT L), INPT{JJ},0E NMRATR
FORMAT (//10Y,*THEY,010,%/%,210,%NUMERATOR GAIN IS * ,£12.4, NMRATR
LPTHERE AQE MO Z2ERH S/} MMRATR
50 YO (9w NMRPATR
0C <37 X=1,N NMRATR
DO 439 J=1,M YHRATR
WIIK J¥=W3(K,J) NMRATC
CCNT INUE NMRATR
IF (IPT.LT DY GO TO 2453 NMRATR
CALL SFITH(W14N,P, NMRAT®
LMY MY, MU MG, MAT L, MAT 2, AT 3, MATL  MATS ,MATE) MHRATR
CCNTINLE - NMRATR
WRITF (3,203 OUTPT LI, INPT(JJI,DE NMRATR
FORMAT (//10%, 4*THE #,A10,%/%410,° NUMCERATOR GAIN IS*,Ff12.L//% THE MMRATR
1 26005 NF THE TPANSFED FUNCTION ARE®//20X,®REAL PART® 169X, *[MASIN NHMRATR
2ARY PART*/) NMRATR
IF (MNJNEJ.O,AND. SYSTEM  NZ.o 3V WRITE (3,1000) NMRA TR
FORMAT (/ * FOR MODIFISO 7-YRANSFCRMS, AOD 2=0. POLE*/) NMRATR
CALL TIGEN (NyK1, W2 W3 ,ROTR,FOTI4Z,4V, MHPATR
LMX MYy B MS MATE MAT 2, MATI, MATL ,HATE,MATH) N4RATR
CALL CPHT (7,ROTRWROTI N, NMRATR
IMN MY, MU MS, MAT L, MAT 2  MAT R, MATL  MBTS ;HATS) NMRATR
WRIT: (3,82) NMRAT 2
FORMAT (/7/710X,* THF COEFFICICATS CF THE NUMERATOR PCLYNOMIAL ORDNDE NMPATR
1 REDQ FRCM THE LCWEST POWER OF S*//) NMRATR
NY1zNe SMRATR
WRTT: (3,83) (2(TA), IA=1,NY1} NMPATR
FORMAT (£20.8) NMRATR
CONT INUF NMRATR
IF (DICITLLEDLO) GO YO 1t0 NMRA TR
IF (MN 50, 09) GO TO 113 NMRATR
NSAV=NY NMRA TR
NR=NN+1 NMRATR
NX= X+ 1 NHMRATR
IF (T GTe 1 40R, JJ) GT. 1} €C TC 213 NMRATR
HCOTICMOY= 5.0 NMRATR
ROOTIA(NXY= 0.0 NMRA TR
CCNTINLT NMRATR
IF (NIGITL +E0¢ 0 4O, SYSTFM ,£0, 3 ,0R. FRPS LEQ, =1} GO TQ 110 NMRATR
IF (1 nTe L «ORs JJ oGTs 1} EC TO 110 NMRA TR
CALL ZTOWINJ NN, D3 141,R00TR,ROCTI4ROTRGROTI,L1,0EE, NMRATR
THX MY, MUGMS, MATL MAT 2 , MATS, MATGL HATS ,HATE) NNRATR
WRITE (3,111) NMRA TR
FORMAT (710X, ® THE W=PLAN" PCLES ARE ¥//) NMRATR
WRITD (3,112) {RCOTRIX) ,RODTT(K) (Kx1 4NN NMRATR
FCRMAT (/(2E0.,8)) NMRATR
CONT INUE NMRATR
IF {CIGITLLEQuD,OR.SYSTEM,Z0Q, 3,0RFRPS,EQ,-1) CO TO 120 NMRATR
CALL ZTOM (N NK,DE,2 2 4RONTR,KC(OTI RCTR,ROTI, L §,DEF, NMRATR
LMY MY MU MS MATL , MAT 2, MAT 3, MAT 4, MAT S, MATS) MMRA TR
WRITE (3,171) CE NMRAT &
FORMAT {//10%+* THE W-PLANE TRANSFER FUNCTION GAIN IS $,E12,4/% NMRATR
1 THZ ZEROES ARE*//) NMRATR
WRITE (3,112) (ROTR{X),ROTI(K) ,Kx1,N} NMRATR
CONTINUS NMRATR
IF (FRFS.EN.=1) GD ¥17 301 NMPA TR
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1641246,

173
176
175
176
177
178
179
130
18
182
183
176
185
186
1A7
188
189
176
161
182
193
194
19%
196
1¢7
198
169
Za0
201
202
203
2%
268
206
207

2ra
210
211
212
213
L]
216
216
217
218
219
¢2¢
221
222
223
224
22%
226
227
228
229



2

2.0

245

SUFECUTTAS NMOA

n

12
R{RY

21

226
211
i

30

TR 13/T4 CPY=1 FIN . ?¢ 75050

IFRzFROS e

5C TO (311,310,3201 IFR

1F (MO L.EQ.0) GO TO 301

IFI(MONCT 42)),E%.1) GO TO 302

IF (IM(D,EQ.?) GO TQ 392

IM0Y =2

LeoTC A0

Maon=1

CALL FENRSP {R,NN,NE,IMON,P00FRROOTI 4ROTR,ROT I,SAVL WS AV2,
104d0y
LTMA MY MU MG, MAT L MAT 2, MAT I, MAT L, MATS,HATED

S0 To 311

CALL PSN {NyNN.DIyROCTRyRONTILRATRyRCTI,SAVLeSAV2eI4JJ,
IMX, MY, M) MS MATLMAT 2  MAT3I MAT L, MAT 5, MATH)

66 TG 11}

WRITE (3,211) JJ

FOPMAT (//710X, *COLUMN *,T2,* CF THE 8 MATRIX IS NULL®*/}
TF (MN,FQ.0) GC TO 300

NX=NSAY

NNzNS AV

CONTINUE

END

125

01709775

NMRATR
NMRATR
NMRATR
NHR A TR
NMRATR
YMRATR
NHMRATS
NMQATR
NMRATR
VMRATR
NMRA TP
NMRATR
NMRATR
NMRATR
NMRATR
NMRATR
NMRRATR
NHMRATR
NMRATR
NYRAT &
NMRA TP
NMRAT®

14.12,5¢ .

2390
231

232
213
234
215
236
217
238
219
2.0
2461

242
253
244
245
246
247
248

249
250
251



JURRITINE 057 AT a L CP1=1 FYN 4. 2¢75060 01/709/7¢ 14,13,07,

SLTIRDUTING PSSO (NNUY NNy GAIN, ROOT Ry #FACT I, ROTR, RCTI, “AV1,5AV2, PSO 2

1INY, INL, PSO 3

TMX MY (MU G MS ,MATL JHAT2 MATI MATYL (MATS ,MATE)D 250 o

“ PSSO s

< ¢ THIS SUBROUTING COIMPUTES THE POWER SPECTRUM CORRES PONDING PSD é
r TO THE TRANSFER FUNCTION WHCSE FOLES ARE (RCCTR,POOTI) AND 2s0 4

N WHOS T ZERPNSS ARPE {R0TR,RITIY, IT IS ASSUMED THAT Tde INPUT PSSO A

[ T3 THT TRANSFSw FUNCTICN IS & WHITZ NOISE PROCESS OF UNITY 2s0 3

N VASTANGE ANQ BENCS THS P30 IS GIVEN 8Y THE SCUARE NF THE PSSO 10

r “CLULUS 7F THFE TRANSFTR FUNCTION, THLS ANY CCRRELATICN PSD 11

r JESTRED IN THE RANDOM PROCESS EXCITING THE SYSTEM SHOULD PSD 12

[ AT TNCLUDED AS A SHAPING FTILTER IN THE %A% MATRIX WHICH PSD 13

9 1% SXCITED RBY WHITE AOISE. NCTE THAT ONLY SXFONENTIALLY P30 14

o CPRRELATED PROCESSFS MAY AF SO STROCTURED, PSD 15

1 " fs50 16
DIMFMSION ROODTR(MN) 4 ROOTT €MX) ROTR{MX) JROTT (X ) ,SAV] (NS, SAY 2 (H5) 350 17

COMPLEX RN1,kN2,PDt,RO2 fsS0 18
CCOMMCN/COND/REAC, SYSTEM s OUTPUT ) NX JNY NUNXC yNUCsNL,N2,0IGITL, PSOD 19

LCONTUR JNUMERS { FRPS, TRESP ,MODEL+NSCALE s SAV CHAT (NK2, TFLAG, S0 Fai]

>0 PIGC,FORM (TP T READT, MIXEN,MULTPT,SCAPLT 4 70H, KOUNT PSO 21
INTFGHCR PEAD,SYSTEM, OUTPUT,FORK,C CNTUR ,SAV .CHAT,READ3, FPPL,TRESP BSD 22

COMMONZACOND /7 DELTFINALT, IFREQ, FFPEQ,DELFROLGAINLS GRINZ, M PSO 23

INTIGER CIGITL, SCAPLT, Z0M PSD 24

REAL TFRT0,™ PSSO ?8

725 REAL PSY PSO 26
COMMON/LAREL/INPT 4OUTPT, TITLE 2s0 27

REAL INPTI10Y, DUTPTL20),TITLE(S®) PSSO 28

CCMMCN/SURMRIT/ TSUTHAM PSD 29

NAYA PST/L{4HSPEC ’ 2sD L]

T IFUTTUANAMGE,2) WRITEL3,990) PSO 31
798 FORMAT(1Y,*P30%) °50 32

IF(FCRM, GT.0) WRITS{7)PST TITLF,SYSTEM,MODEL, DIGITL,SCAPLT PSD 13

VAR=", PSD It

X=0.," PSD kL3

it J=1 PSD 36
IF{FNIMLGTL0) WRITT{7IQUTPTLINY ), INPT(INU} S0 37

WRITE (T,60) OUTP T LINY),IMP T(INU} eso 8

L FORMAT ([/10X,AL0,%/%A10,% POWER SPECTRAL DENSITY*/10X,"FREDUENCY,R PSD 39
1AN/S:20%6X,*P30 MAGMITUDE®*/) 350 g

«0 FREN:=IFREQ PSSO L1
IF (IF9SQ.NS.04) GO TO 79 oS0 L2

FRFNz,1 S0 43

FFRENZ1RD, SO ul

70 CCMTINUS PSSO 45

C LOC CCNTINLE PSD «6
IF (IFRTCONE.0.) GO TOo 71 >s0 u?

FRIN={JAG*FREQ PSD LY |

Ge TQ 72 P30 «9

71 FRIQ=NCLFRA®FREN PSD 0

30 72 CCNTINLE PSD €1
RM1=CMPLX (1.0,0.0} P S0 B4

A1 =CHMPLX (1.0,0.00 P S0 3%

Ne 29 T=14NN 350 )

IF (L GTNNUMY 60 TD 5§ 2SN 55

T RNP=CMPLX {=ROTRI(IY,FRTAQ ~ROTICINY 250 Y
AN1=CON1*RN2 2s0 14

ON2=MMPLY {-ROTR(I),-FPEQ -ROTICINY PSO 8

126



~
=

RUGESTES NI

1

1r

B Ve AN crP1=y

PN TINLTRN?

PRPERMELY {(~RCCTRIIN JFREQ =ROQTILIN

Ry =RNL* QN2

SP2=OMPLX («RODTR(T), ~FREQN -ROQTIC(IN)

~C1-=n1e2p2

TOMT INYS

SAVIC N =GAINY®2eaN /R0

VAT VAR TAVE LYY #{FRED -7)
TFLF)RM, EQ.2) O TO A

WRIT- (31,80) FREN W SAVIL D)
IF(FCR¥, 0,00 GO TN &0

WPLT  (7VF@1 PR AN

CCONT INC

FOMAT (1WXFB. Lo l12X L EL12,4)
X=FRFO

1= Je1

IF tFRENLLELFFRENY GO TO 100
CCHT INUF

WETTE (3,300 VAR

FORMAT (10%,°THI VARIANCE IS®E12,.4}
1n=39

WRTT (71 J0.SAVI(TY

SLTHPN

SNn

127

01/1977¢

20N
pPsn
P
PN
S |
34N
250N
PGS
psa
P30
PSD
LAY
Psn
eso
PSD
250
PSSO
230
PSOD
PSN
LA
psSn
2sNh
psn

T, 13,07,

€9
(3]
31
£?
63
L
5
L]
€r
€
‘q
70
71

72
73
T4
%
7€
77
7R
79
30
A1
r2
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20

0
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TURRAUTING

ARFIA TR T neT=1

43f
8C
A1

177

17
13

Py

43

14
12

1€
3t

32

33

15

19

21

1A

SUTRINTINE N°FIG (M, ROCTR,2Q0TI+IFRNT4 8,
TMX g MY g MU, MS MATY ,MAT? ,MATI, MATL,,FATS ,FATAY
DIMINSION A(MX oMY ) yROOTR{MXIZFCATI(MX)
CCMMCN/S IMWRTT/ TSHINAM

IFUTSUINAM,GS,27) WRITE (3,990}
FORPHMAT (1Y, *ORETINL®)

N = M

TFUIFPNTY AT ,81,R]

WRITS (3,104)

ZERO = 0.0

IFIN-?) 13,164,172
TFITEPNTY R2,83,8?

WPTT- (3,105¥8 08,1
FCATHIE1) = Al1,1)
ROOTI(1Y = Nn.0

CCNTINLE

RETURN

Ja= =1

X o= (A(N=1.N=-1) = A{(N,N}I®*2
S = L,D*LIN.N~1)*A(N-1,N)
ITZR = ITFR ¢ 1t

FIN =, 2¢7504¢

IF (X.EN.0.0.0R. ARS(S/X) GT, 1,06E-8) GO TO 1§

TFIX.,EC, 3.0056C Ta 15

TFLANSES/X).~T.1.0F=8) GO TO 1S

IF { AP (A(N=1 4 N-11)= ARSIA(N,NI)) 32,32,31
£ = AN~ 14N=1)

6= A(NGN)

G0 TG 1

= AlN=14N=1)
= A{N,N}

n?
X ¢ 3
ATR=1,N=1) + A(NN)
St 18,19,19
SART (Y

N

0

X)) 21,21,22
C={¥x=S0C) /2.0
G={X455)1/2.0

6C 10 26
>=(X-SD /2.0
E=(¥ eSO /243

GC TC 24

Fz S0RT (=S1¥/72,0
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01709776

AREILG
QREIG
QREI6
IREIG
QREILS
QREIN
QRETG
QREIN
IREIN
QREIG
QREIN
AREIG
QRETG
QREIG
AREIG
OREIG
QREIN
ARFIG
QRE IG
AREIG
ARETIS
QAREIG
QREIG
IREIG
QREIG
QREIG
IRELS
QREIG
AREIN
AREILG
QREIN
QRE 16
1REIG
OREIN
QRE 16
IREIG
QREIG
1REIG
QREIG
QREIN
QREIG
A1RETG
QREIG
1REIG
QREIG
QREIG
ARELS
IREIG
QRE IG
AREIG
QRETIG
QREIG
QREIG
QREIG
QREIG
AREIG
QREIG

1u,13410,
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a€

113

SHARDYT TR

147 16

2
Ru

aArc

25
20
BF
8%

50
%

€3

téy
1h*

1hF

Db

73778 coT=1 FIN <. 2¢7F gfl

TR/ 0
=-F

1ftJN PR,70,70

1100017300 ARS(GI+F)

IFL A2 TLA(N=-1,A=23),0T, M) RO 10 26
IFLTIFRNT) Rl B5, 86

WRITT (,10-1E,F,ETER

WETT (2,126)64M

POCTE AN = 7
QCATI (M =
P0NTIN=1Y = 6
PEATI(N=-1) = M

N=%=7

IFC 4 14177177

IFC "ATIAINGN=1)) «GT. 1.0°-10% ABS{A(N,N))}} GO TO 710
IFITFRMTY) RS, 87,86

WRITT (3,17 )BCNGNY7ERN,ITER

POOTELR) = & (N.N)

COOTIANY = 7.0

-

N=t-1
nnoTn o 4r?

TFO AL AASOXNNZAINGN=-1)) =1, 0)~1.0F-6) H3,63,€7
TFC ARSE ANR(XN2/ZAIN-1 N=2))=1.0)=1,0F~6) €£3,£3,709
YNz ANTLAIN,N-11) = AAS(A(N~{sN=2))
TF (IT-0-15) 53,16h,Fh

IFLYIY Lr5,LES,1€6

Pz A(N-1,H-2)%%?

SIG = 2.2%8(N=14N=2)

50 T en

P o= AIN,N=1}%%2

SI6 = 2, D%ALM,N=1)

60 T €

TF(ym 67,67 465

IF(IPRNTY AA,85,RA

HRIT™ {3,107 1AIN~1,N=-2)

66 TO 8%

IF(IPPNT} BR9,B7,89

WPIT: (3,107 1A (NyN=1)

GC 17 ®«

TFLITES LGT. E0) GO TO ©3

TER .6Ta & ) GO TO 513

EsF*F

Ty 702.h0%,702

GT=5%GeH*H

IF (GT) 703,401,703

CONTINUF
7= ((E=RAY B 224 (F-1) "82) FLESE+FOF)
72= ((G-C1%%24 (H-DBD)%* 21/ (Go C+H*H)

[F(71-0.75) 5141452
1FtL72=-0,2%) 5353454
“F*H

GC Ta F1

129

C173577:

IRCIN
OREING
IREIN
P4 ]
ARFIN
1915
QREIG
ARFIN
1¢I5
IRELS
NeRIIN
IREINS
0RETN
IRELS
ARFIN
IRELN
1RELNS
IRFIN
IREIG

Q216
NEIG
1REIC
QYELN
N2EIn
QARE LN
ORFIS
IRFIG
IFS
A2rl6
AIRETLN
QREIN
IRFIG
IREIG
QREIN
1RELS
IrREIG
QREIN
ARETS
02FIG
JRETIC
IRELIG
QREINA
QREIG
IRETS
GREIG
IREIN
2RELG
ARF 16
QREIG
AIREIG

110
111
112
112
116
115
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SUBeNHTINF

Yot ST Je "=y FIN 4,2¢75060

J7OTFLT -0, TR 25,57 .60
o ooz
AN AT Y
fnoT o
3 U A
D TR ]
off YRR IR}
ANT 230N =)
CALL T2T (Ng?ySIGN A,
MX LMY (MU MG, MATY (MAT2  MATI, MATL,MAT5,MATE)
as:
a=r
n=n
no=n
[ Sol W
116 FC¥4AT (s /7/71¥, GFPIAL FART kX I4HIMAGINARY PART,
{ L34TAK N AG 2690 SX LKITTR /7)
10 FORMAT (1x 4,517, 8,3Xs215.8, 42X 130
117 FOPHMAT ("4, E£15.8)
enr

150

2%

01709/7¢

ARELG
ARFIG
QRE IG
IRELH
AREIS
QREIG
QREIG
1REIG
OREIG
QREI6G
AREIG
QREIG
IREIG
QrREIN
QREIR
QRELS
QREIG
QREIG
AREIG
QRFIG

1ea1Y,10,

116
117
118
119
120
171
122
123
124
125
126
127
178
179
130
1
122
1233
174
116
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SHEREATIAC 03T

a9y

he

La
19
22
23

11

32
iz

ORIGIN
oF POOR

Tis7. cP =1 FIN <. 2075061

TR AYTTIE NRT AN, I10,0,4,

MR MY (MU MT MA TL, MAT2, MAT3, MATL,MATS,HAT B
ATMINSTNN B(MYX MY P (2),G(%)
TOMMONZTURRRTIT Y/ ISUINAN

IFCISHANAMLGSe2) NOTITE(3,930)

FORPMAT (1x,* 10T %)

Nt o= N -t

A = N~ 2

If = IA

TEAN=-3) 101,110,650

017 4 = 34NA

J = N -

IFC AR CACILet WU10)-0) 10,160,181

DEN = ATJ14, JI41 P EACJLPl U1 e 1) =SIGI+ACIL#L, J1 2R (J1 07,01 01082
IFEN. NY 1,412,818

TFC 3OS CA(JLI 1 W JT1DPA0I182, 010105 ( AASTAC L ¢1 J1 o114 012,01 ¢2)
=OIG e ANSEACULeR, L2V PV/ENY-M) 10,410,412
1Pz j1

no 14 1=y, TP

J1=TF=Je1

TF ( APC(ACIL+1,J1))=-0) 11,138,104

Ia=11

ac 101 I=TFant

TFLT-TPy 1he15415

AU 1=0IP,IP)I» (A (IR, TP )=SIGY+ALIP,IP +1)*A(IP#] ,[O)4+P
GU2Y=A(IPe TP SLALIF, TP 4A(TP¢1,1P¢1)-SIG)
AERIz8 (TP &1, IP)I*A(IP¢2,TPe1)

ALTbe?,IP¥=0.0

Go ™ 119

ft1r=ail,I-1)

CAPI=A T+, I~1)

IF(T-14} 17+17,18

GLIy=aile2,1-1)

G0 oty 19

fExr=n.

XKz SIANG SORT(A{1I*22+45G(2)%%24G{3)*"*2), GE1))
TF (¥« 23024,23

AL=5111/7¢Ke1,0

PET (LI =GT21/7(C (L) +XX)

PETI2)=0{31/74G1) +X Q1

Ge To 28

AL=".0

PSIC1)=0.0

PST 223,19

TFII-IQ) 2Ry 27,26

FLr-1M 29,2842
AT T=11==A(T,I~1)
5“0 17 27

AlI,1-1)==XX

nC 37 J=IuN

[F(I-TM) Tty 31,732
TEESH2Y FALT 2.

Ho T2 32

£=0,23
CEALH(AMIT,J)eBSICLI A (T oL, J)eCH
Al JI=2tT4 0V =F

AlT ety W) =A(l 61, 00-P3TC1Y*F

AT} PAGE I3
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01734977

A=y
aART
227
QRY
avr
AIRTY
Qey
QRrRT
PEX
ner
=T
ART
oRT
P EAS
ART
IRY
1eT
kAl
bERS
3-T7
PEA
1RT
IRY
UERE
Y
IRT
2?7
IRT
DT
oY
14T
IRT
ner
17T
IRTY
PLAS
1T
2°T
AR T
qRT
ey
IRT
127
27T
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127
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aARrT
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e D TTNF

1T

1019
101

TI/T aPT=1

IF(I-1a) 3, 3, 30

A(T+2, WY =AL142, NN=P5T(2) %
CONTINUE

IFII-18) $59 35435

L=T1+?

GC 18 X7

L=N

0C «0  J=I9.L

TF¢I-TA)  3%,38,39
C=ESTI2YSALS, T2
GEOTO Gy
0,7

TEALS (AL TN ¢PSIC1I®AL J, T+11eCH
AlJ s I1=2 04,11 =C

At 1et)=ALY I+1I-PSTILD*E
IFLI-1a) 82,42.00

AGJ, (421 =A0J,1¢2V-PST (2%
CONT INUE

TFLI-Ne3) “3e43,100
T=ALYPSI(2)*A{1e3,1¢2}
A{T¢3, 1) ==E
ACT+ 3, Te11==-PSTLLY %2
A(T#3,T42)=A(1¢3,182)=PST{?)*F
CONT INUF
2ETURN

ENT

132

FIN «, 2475060

01/709/7%¢

ART
ART
QRT
ARY
aRT
QRT
aRrRY
ART
aRryY
ARy
ARY
QrRT
ART
ARY
ary
IRT
QRrY
aRT
2RT
QRT
IRTY
IRT
Qer
QRT
IRT
arRT
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SURFCUTTIAY

a0

oI ST revsy

qag

CLTENUTINE #PISC AR CaHahg F g1 ,K2 K3 4Kio Dy

LMY MY MU MO, MATL, MAT2, MATS, MATL,MATS ,MATS)

FYN &L, ?#+7506C

THI3 SUARNYTINF READS ALL TAFUT MATRICES FRC* CISCS ACCORDING

T2 TH PARAKMFTFRS, SYSTeM ANC OLTPUT, USING

SUNRO TINE ROT CA

COMMON/MTNNT/ZRCADSYSTEM sOUTPUT JNX JHY JNUGNXCaNUCI N1 % 2, DIGTITL,
ICONTHI HYME S FAPS, TRESPy MINEL g NSCALE, SAVyCHAT (NK2,TFLAG,
PIGNFASMGIPT, RFANZ, MIXEDZMILTRT 4SCAPLT s20H (KOQUNT

INTEREQ QFEADLSYSTEM, OUTFUT,FORK,LCNTUR,SAV,CHMAT,RFAT3, FPPS,TRFSP

INTY(FR 0IGITL,SCAPLT, 7CH

DIMENSTON AOMX o MX Yy JEHX gMUL CIMX MNP (MY G HMXF o G (MY HK) F MY, MU,
1K L (MY, M) G K2 (MU MXD K3 (MUy MX D KT PU, MXD 4 DOMULHLD

REAL K1, K2,K3, Ki

CCHMMCN/SUBWR I T/ ISUANAM

IF(TSUPNAM,GF,2) WRITE (3,990}

FCPMAT (1 X, *RNISC*)

MAT {=MX

MAT2=MX

CALL 200501 (A NX NX,

TMN MY MY MG MATE (MAT2 4 MATI (MATL MATS ,MAT6)
MAT ?=M1)

CALL ROISCL (BNY HU,

MY MY (MU MG, MAT L MAT 2, MAT3, MATL, 4B8TS, MATEY
MAYZMX

CALL RCTISCE (CaNXNX,

IMX MY, MU MG MATL,MAT? ,MAT3, MATL, HATS, MATE)
MATI =YL

CALL RNISCL (X14MJyNX,

1 MY MY MUGMS MA T, MAT2,MAT I, MATL,MATS,MATED
CALL DISCL (K2 4NUGNX,y

LN MY MUGMS MATE MAT 2, MAT 3, MATL NAT S HATS)
CALL RPOTSCL (K3, MUy NX,

1MY MY MU, MS, MAT] (MAT2 , AT 3 MATL ,MATS \MATE)
CALL RAOTSCY (K4 NU,NX,

TMN, MY MU, MS, MATL  MAT2  MATI MATL MATS,MATS)
MAT L=MY

CALL RNISCL (M NY,NX,

LMY, MY, M, MS, MATL MAT2, MAT I, MATY MATE MATE)
caLL RIISCL (G yNY N,

UMY AV MU MS  MATL, MAT 2, MAT I, MAT 4, MATS HATS)
MAT 2 =%y

CALL RITSCL (FyNY,NU,

1 MXy MYy MU MG, MATL MAT2,MATI  MAT L, KATS ,MAT6)
MAT 1=MU

CALL R0ISCH (D,NU,NU,

THN, VY M MG, MATL MAT2, MAT3, MATL ,MATS ,MATEY
REWIN) B

RETURN

ENG

133

317049775

INISC
en1s”
RNISE
OISO
RYISC
0L S0
rNIne
RDISC
R0
QDISA
ROISC
ROISC
RNOISC
RIISh
ROISC
ROISC
fNIS”
LR o3
IDISC
RDISC
RIISC
01 SC
INISC
RIS
ROISC
RNISC
RIISC
ROISC
ROLSA
RNIAC
RNISC
L30) riot
ROISC
RIS
NI SC
RNISH
INISO
INISC
RIISC
RISGC
NI T
RNISC
ANISC
291S6
RIISC
RNTISC
RI1ISC
RDISC
ROTSE
RDISC

1ea13.71,



CUSECUTTIN 2317

B

11

“1 T3/ T cPT=1

SUHSIHTINE “NTSCT (AN M,
LMN MY, MU MG, MATL, MAT2 HA T, MATL (MATS,MATE)
DIMINSION A{MATE MAT?)
NCMMEN/SUAWR T T/ TSURNAM
[FCISURNAM,G= 4 2) WRTITEL3,940)
FOPMAT{1X ,#RNTSCL®)

0 19 1=1,N

RFAN 18) (A(T,Jb,Jd=1,M)
IF{E0F LAY NEL DY GTNPL
CONTINLT

TETYRN

NP

134

FIN &, 2 75060

8170977~

RIISOS
ROISCY
1551
anIst1
RDISCY
R0ISCY
ROLSCH
INTSCL
NISCH
RDISC1
ROISCt
INISCH
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45

SUPSIUTINE 2 -DU

Es Ra e R

o

2910

61

i°

22

21
20

2

?

-~

c: 73/ T4 oPT=1 FIN W, 247%°5(

SUAROUTINE PEOUCE (N, JoMMy¥,0,9,C,ITEST,
IMY, MY M MS, MATE,MAT? AT, MAT 4 4MBTS (MATR)

WIS SUBPONTINF NETERMINGS THE IPRZICUCIBLE SLAR™ATIRIC:S OF
TRY MATRIX A WITH DIMENSINON N,

J- NUMRFR OF [R2INUCTIAL S SUBMATRICES (1-5)
MM{TY- TIMENSICN OF THE ITH SUPMATRIY
Mo« YATRIX WHOSE ITH ROW CNNTAIMS THE CRIGINAL RCW AND COLUMN
NUMAZRS OF THE TITH SUAMATRIX

CCMMCN/COND/ZPFEADSSYSTEM (QUTPUT JNX JNY JNUWNXCHNUC o NT M2, CIGITL,
LCONTUR s NUMERS ,FRPS, TRESP,MOOFL s NSCAL Ty SAV, CMAT \NK2,TFL LG,
2160, FIRMZIPT G READ I MIXID JHULTRY ¢ SCAPLT 4 Z0OHXCUNT

N TR OREANSSYSTEM ,0UTPUTFORMLCONTUR (SAV,CHAT, 30 ANTY, €20, TRESP

IMT GES DIGITL,SCAPLT,7QH

DIMTNSTON A (MM ¢ IMX (MY Y ,CUPX,¥X )

INT-ER SCAN

AIM NTION MI1D0,23),44(20),3CANI2ZT)

COMMON/SURWRIT/ ISUTNAM

IFCTISUANAM, GE«2) WRITE (34930}

FORMAT(1X,*REDUCF*)

ne <1 1=1,20

DC %1 J=1,13

M, 12 =0

CCHTINUE

MMA(T)=0

CCNTINLT
no 11 I=1,4N

N0 11 J=1sN

AT, =040

C(I,)1=C.0

IF (1T, ) NEeO.0) 94(I,31=1,0

CONT INYT

AL, 11=1.0

GCNTINLY

KRUNT=1

CONTINLT

PO 23 I=14N

N0 25 J=1,N

00 21 K={,4N

TF (f{1,K)aEQa0s0.0R.BIK,JVeECL0.0) KO TO 21

FAiTyd¥=1.0

nC 7O 29

CCHTINUE

CONT INUE

KRUNT=2*KRUNT

IF (KQUNT.GE.N-1) 5O TC 23

NO 24 I=14N

D0 24 J=14N

8(I, =T, N

CCNTINLE

GC TC 2?7
CONTINUT

N0 30 I=1.N
SCANtINI=T
CONTINUT

125

C176377%

R7DUC:
R-0HUSS
R.DUCL
RFOUCF
REOULCH
R-NUNS
LRIV o
Q-pUCT
DUCE
R quce
RIDUCF
R QUCA
REOUNE
RANUC T
R-nUTE
AUCF
R:.0UCH
R 1V
R-OUCFE
?:0UCE
RIOUGE
R7pUcE
RINUCET
RFDUCE
REDUCE
REOUCE
REoUCE
RENICE
REOUCGE
RIDYCE
RENUCT
UL
REO0UCE
REDUCE
rIpuCsE
RIDUCE
REQUCE
RIDUCT
rIpuCe
FEOUCE
REDUCE
cOUCT
RzOUCE
REDUCE
REOUGCE
INUCT
REOUCE
REDUGE
REDUCE
RegJUCE
REOUNCE
REDUCT
REDUCH
REDUCF
RENUCT
REOULCE
REDUCE

14 11,55,

-
SO RBNTAE 4™



NEGERTEE & IR rirr, npT=y FIN 4, 2475.hf 084709776 14,113,536,

K=w REDUCE <9
1C 3 = 1,10 REQUCF 3

v MMCJb=C REQUCE 1
MKz REQUNF 3?

Ja=1 QEDUCE r3

0Qa tF 1=1,K REDUCF Fl

IF (CUTCANTTIY W SCANLII D o F0 0t T, ANCCISCAN(T}¢SCAN{LY) . EQ. 1.0} rRCOUCT -

[ 1 G0 TO 7 REQUCE €6
He 19 34 REQUCY -7

¥ MU, CANTTY RENUCE (2.}

LLEWRELDNINI NS REOWCE “q

NK= NKé L REDUCE 70

70 BRENNLE REQUCF 71
$h CCNTINUS REDUC - 72

K= K= NK REOUCE 71

IF (XK.Li.0) GO TO %3 REOUCE 74

Le=t RENUCF 75

i KRUNT=D RIOUCE ’6
WANT =0 REODUCF 77

JX=KEMK EQUCE 78

N0 33 L=1,J% RENUNE 79

IF (SCANTLISNE, MU L)) GO TO i REDUCHE L]

ag KRUNT=KRUNT+ 1 REDUCE b |
Le=tLet RENUCE L%

50 Y0 39 REDUCE 23

W KRUNT=KPUNT 1 PEQUCE B

KCNT =K ONT #1 REOUCE AL

-5 SCAN (KON TI=SCANC(KRINTY TEQUCE 26
T CCNTINUE REOUCE 87

35 CONT INUF REDUCE (1)

I8 CONTINUD REOUCE 39

IF IKGT.0MMRITE (3,100 ReDUCE 30

i 107 FOSMAT (//7.% MORE THAN 10 PEOUCIBLE SUAMATRICES*//) REDUCF 491
IF (KeGTW0) TTEST=R REQDUCE €2

IF (IPT,LT.,2} GO TO 200 REDUCF €3

WRTITE (3,2011 REDUCE ay

201 FORPMAT (/7% MATRIY M IN REDUCEY/) REDUCE €5

r r TN STATEMENT DO 35 J=1,10 IF THE LOOP GOES TO COPPLETION REDUGE 96
i 4 WILL =2 11 NN CNC RIOUCE ar

- J WILL = 10 ON [nv REOUCE <8

IFCI.GFEL 1Y J=]=-1 RENUCE 19

no 262 I=1,4 REDUCE 100

10U MMM MM (T} REDUNE 101
WRITE (342030 (H(I4L),L=1yMMM) REDUNE 102

232 CCMTINLE REOUCF 13

703 FORMAT (2319 REDUCE 106

7001 CCNTTINLE REDUCE 11%

Lee RETH=N RENUCE 1€
TN REQUCE 107

136
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40

cc

SLOAPTNTI NG
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N ON e

<1207

a91

100

RS 4N oPT=1 FIN «.2+7°Ch(

SURRQUTING ROCT (AyB,CoHiGoFyKLaK24K3y KiegDy Wiy W2, W3, w00TRFIDITI,

11UV
PMY (MY MU MGG MATL ZHAT? yMAT MATL,MATS,MATE)

THIS SUARHUTING £IMPUT S #00T LCCII AS A FUNCTICN CF TWO
FSENI4CK GAINS NDEFINED PY K1,K2 AND K3, Ku, THE 0PN LONP
CYSTEM IS SCALZD Y A SIMILARITY TRAMSFORMATICM, AT Tmv
CCACLUGTICN CF THE ROCT LOCII COMPUTATIONS THE AUMEPRATOR
75R0fS AND GAINS CORFTSEINDING TO THT OPEN LCOP SYSTIM
45T CALCULATED.

Ni- NUMBER OF ROOY LOCUS POINTS FOR THE K1.K2 GAIN
N2- NUMIFR CF RDOT LOCUS OCINTS FOR THE KI¥,Ky4 GATH

CCMMCN/CONO/REAC,SYSTEM 4 CUTP LT NX MY JNU NXCy NUC  NE N2, TIGITL,

1CONTUR WNUMERG, FRPAS, TRESF,MICEL JNSCALZ,SAV,CMAT ,AK2,TFLAG,
ZIGCVFNRM, IPT READ3 MIXEDMULTRT(SCAPLY o 70H,KCUNT
INTZGER REBD,SYSTEMgOUTPUT, FCRM,CONTUR,SAV, CHAT,REANT, ERPS,TRESH

INTTGER DIGITL,SCAPLT 4 ZQH

RFAL IFREQ W 14KZ K3, KiggMN

COMMON/ACDONN/ DELT,FINALT, IFREN, FFREQ, OELFROGAINL, CAIND, MN
DIMENSTON A LM MX) , FAMX MUY JCEPX XD dH LMY o MX) o CIMY 4 MX ) LF (MY ¢MUY,

LKL EM M) (K2 (MU MX D oK T (MUMXD oKL (NU4MX ) 4D (MU MU

DIMENSTON WL EMX MXD, W2 [MXy ¥X1 o N3 WX, HX)
DIMZHSTION RNDATREMNY (RONTIAMX) JU(MX) V IMX)
DIMENSTON %10 ,200,4M¢20)0,P (20)
FOMMON/LARELZ INPT,OUTPT,TITL"

OEAL INPTCLN}, OUTPT(20),TITLEC®)
COMMCN/SUBHRITZ ISY3NAM

OATA ALANK/AH /

CATA PST/L10HRCLD /
IF{ISUPNAM,GF . 2) WRITE (3,990

IfF (TSURNAM ,EQ, 2) WRITE (3,990}
FORMAT {1X,*ROCT *)

IF (GAIN1.EN.0.8) GAINL1=1.4

IfF (GAIN?L,EN.,0.0) HAIN2=1.3

WRITS (3,300) GAINt,GAIN2

COPMAT (/10X,%GAINL = *F10,4, 10X, YGAIN? = *F10.4/)
MATL2MY

MAT 2:uY

MATI=MX

MATH=MX

MATS=MX

MATS=MX

TF(FORM.GT.0) WRITZ(7IFST T IVLE +SYSTEM,MQOOEL,CIGITL, SCAPLT
TEIFORM.GT.01 WRITSUTINZ,NE

KK=1

H1A=TARS(NT)

R0, 1

TT=0.0

11=2

JJ=12

NK7I2NK 241

DC 40 T=1,N2

IF (Nt.LT.0) GO TO 1ot

II=1-1

RE=(I-1)*GAIN2

1%7

0170377+

9T

307
RNOT
007
2307
RaOOY
00T
ROOY
ra0T1
°por
20V
1007
ROOT
R00T
RQOOT
ROQY
rRoOOT
RocT
00T
ROOT
2007
007
ROOY
R00T
R00T
RJQT
00T
RICT
ROOT
ROOT
ROOY
RICT
007
I0r
007
0T
1307
nart
RD0Y
RNOT
[0DNT
RIOT
Laled)
ROCT
1307
ROOTY
INAT
10T
RO

007
00T
ROOT
107
RACT

00T
RDOT
RODY

16,18, 54,



11

ra

30

as

19¢C

10F

110

SIBRETT AR 2 N0Y T3/70 cer=q

GN T 162
1ul RR=?,%PO
TI="¢17
IF (1.EQ .8V 11=0
IF (l.EQ.2V1T=1
IF (I.60.1) RPR=0.0
IF (1.SN.21RR=GA TN
142 CONTINUF
D0 nil J=14NLA
IF (N1.LT,0) 60 Y0 61
Jd=J-1
TT= (4=1) * GAINY
GC TO 47
LR §
JJ
IF (J.F0.1) JJ=0
IF (JsEN.2) JJ=1
IF {J.50.8) TT=20,0
IF (J.FEQ.2) TI=GAINY
4?2 CCNT INUF
GO 7Y (101,100} ,HK3
130 MAT1=mMy
MAT ?=M X
MAT T=MU}
MAT L =MX
CALL ADD (TT,K2,RP,XL,ht NUNL,
LMY, MYy MJMS MATL MATZ (MATY,MATL \MATS 4NATR)
MATU=4X
MAT = MX
DO «3 IA=1,4MD
0C 4w JATi,NU
WiiTA, JAY==W1 (1A, JA)
4+ GCONTINUF
Witla,Ia)=1,0enttIA,TA)
L3 CCMT INUFE
CALL TAVR (Wi1,K2,NU,N,
LMY MY MU GMS AT JMAT2 (MATI ,MATL, FATS (NATE)
MATY =My
MAT 3 =4y
CALL ADD (TT KL ¢RPRyK3I ¢ WL o NU,NX,
IMXy AY MU MS,MATL MAT 2, MAT S, MAT L MATS ,MAT K}
MAT 3 =M
MAT T=MX
CALL MULT (W2, K1 W34 NUSNUJNX,
TMX MY MUy MS G MAT L MBTD ,MATI , MATL,MATS ,HATH)
6C TO 102

101

MAT3 =Mt

MAT =M X

CALL AGD (TT,K1,RRyKI,WI,NU4NX,

LHX MY MU, MG, MAT1, MAT2, MATI  MATL,MATS, RATHY
132 PONTINUF

1F (J,EN.2.ANCLI.EQ. 1) GO TO 200

IF (J.°Q.1.8ND.I,EQ.2) GO TO 201

GC TN 282
299 D0 25% Tw=1,NU

138

FIN &,

?+75%60

21709/ 7¢c

00T
ROOTY
007
k007
RG0T
ROOY
ROOT
00T
007
00T
ROOV
Q00T
Ro0V
2007
Q007
ROQT
ROOY
00T
ROOT
Raov
007
ROCT
ROOT
RQOOY
R0O0Y
ROOT
ROOT
r00Y
ROOT
o0V
ROOT
ROOT
007
ROOTY
ROOT
ROOT
R0OOT
00T
00T
oot
Reling
ROQT
007
ROOT
00T
ROOT
00T
007
RO0T
00T
ROOT
ROQT
007
ROOT
ROOT
ROOY
ROOT

1u.13.59,

108
139
110
111
112
112
114
116



1r

1?0

178

13¢

135

1l

10e

170

CUPENTINF

=001

209
20°

207
203

201

213

2q¢
204

202

221

229
>

222

“”

I

73T cpPY=t FIN <. 2¢7¢760

0DC 7203 JX=14NX

IF (NX2,F0B.1} GG TQ 209

HAKK p XY =W LIX, JXI/TY

HC TOo 205

HEKK XY =Wt (IX, Y /TT
CCNTINUZ

IF (AX?2,450,7) QO TDO 203

NG 207 JxX=1,NU

FAKK 4 JX)=K2 (TX,0¥%)

CONT INU-

KK=KK+1

NY= MY

60 To 202

CC 204 IX=%,NU

NC 2206 JX=1,NY

IF (NK2.EQ.1) GO YO 210

HAKK 3 JX) =H3CIX qUX)/TT

G0 TO 206

HIKK, JXY WL {TX 4 JXI/RR
CONTINUE

IF (KNK2.FN.0) GO TO 204

NC 208 Jx=1.NU

FAKK XY =K (TY 4 JX)

LONTINLE

KK=KKS ]

NY=2*NU

CONT INUE

MATE=MX

MAT2 =My

MAT 3=MX

MATu=MY

CALL MULT (B,W3, W2, NXyNU,NX,
TN MY G MU MS o MATL HAT 2 ,MAT 3, MAT L, FATS HATE)
MAT2=MX

CALL ADD (1,048, 1.0,W2, W1, NX,NY,
THX MY MUGMS MATY JMATZ2 MAT I, MATL METSMETE)
IF (N2.NE,D) GC TO 220

WRITZ (3,221 J, T

FORMAT (//74,ANX . *NO, *,I5,* ITERATION, 1ST GAIN =*,E12.4/

170X.* REAL PART®,15X,* IMAGINARY FART*/)
GO Tn 222

WRITZ (3,7) Jy 1T, 14 RR
FORMAY {//+10X,*NO, *,15,% ITERATION, 1SV GAIN
1,15,% ITERATION, 2N7 GAIN =%,E12, 4/20X o*REAL PART®

2*IMAGINARY PART*/)

CONT INUS

CALL EIGEN (NX Wi, H24H3I,RO0TR,ROCTI U4V,
TMX, MY MU MGy AT MAT2 yMATI  MATU MATS ,MATE)
CONTINUF

ng 74 I=1.NU

OC T4 o=14NU

Da,.Ir=0.0

CCNTINUE

ouTeyT =3

IF (NK2,50,0) OUTPUT =4

FRPS=3]

NU“=RS=0

139

- r

+10% o *NO.

V1709776

00T
00T
ROOT
ROQT
007
ROOT
ROOY
00T
ROOT
007
na7
ROOY
04Q7
ROOT
ROOY
RQooT
ROOT
Lo0T
ROOQOT
R0OT
RQAOT
R00Y7
00T
RNQT
907
RoaY
RJ0T
R00T
R720T7
007
Q307
Q007
Ra0T
RAOY
ROOT
Roarv
R OOT
00T
R OOV
ROQT
R00T
ROOT
007
00T
k00T
R0Q0T
00T
RQCT
ROOT
ROOQT
RJ0TV
00T
RQ0V
00T
R00Y
00T
N0TY

1+.13.59,

116
117
118
119
1290
121
1?2
12%
12¢
125
126
127
128
129
110
131
132
123
134
135
136
137
128
139
140
1at
142
1u3
RSN
145
146
147
L}
149
160
151
1€2
1€3
174
qee
156
157
18
129
170
1€1
1€2
1€3
1E&
165
1E€
1€7
168
1¢9
170
171
172



180

199

SURRPQUTINE 21007

56
54

55

Iara

GPY =t FIN 4. 2¢75050 C1/09/7¢
AUTPT(1) =ALANK ROOT
INPT (1) =NLANK ROOY
NLU=NU*? 2007
no 53 T=1,NUU 2007
00 51 J=t.NY 007
IF (H{I4JY.EN, 001 GO TO &1 ROOT
no 1 <2 007
CCNTINUF Ro00°V
CCNTINUF ROOT
1F (1.EQ.1Y GC YO L4 ROCT
IF (T.6T.NUD IsNLU=NU RI0T
N0 3 J=14NX Q0T
HL, N =H{T, D) ROOY
RJ, 1=, 1) ROOT
CONTINUF 00T
N0 5x J=14NY rROOT
Flted) =F{1, 1 R007
CONTINUT 00T
NY=1 ROOY
NUu=1 RJ07
WRITE (%,55) ROOT
FCRMAT {//,10X,*R0O0T LCCUS OPTION CCMPUTES THE ZEROES CF THE FIRST ROOQTV

1 NON 7FRI ROW® /10X, %0F K1 7R NI RESPECTIVELY DUE TO INCICATED RODY
? INPUT #/) ROOT
RETURN R00Y
£NO rRoCY

140

1ea13,70,

173
174
17%
17¢€
117
1’8
179
180
181
182
13
104
185
186
137
138
189
190
191
142
193
1C4
19%
1€6
1¢7
194



ut

SUACRYTIKE S TUR 73774 apPT=y FIN &, 247506L 01709776 fuylb,0n,

SUAROUTINE S{TUP (JyMyMMeP, By HyGoF oKLy X2y K3 Kby NoWi,HZ W3, scrTue ?

1 RQOATR, 5°TyYP X

P OMK (MY (MU MG MATY (MAT2 (MATT MATL (FATS, MATE) 3°TUP &

W SITup 5
{ THIS SUBPROGRA® REOUNES THE CRIGINAL INPUT MATRIC: © FOR SETUP &
L TH7 CPyN AND CLOSED LOOP SYSTEMS TO STANDARD F(RM ANN SETUP 7
s SCALTC THY RESULTING SYSTFM wITK A DIAGONAL SIMILERIVY SFTIUP R
I TRANSFCRMAT ICN, SETUP 9
[ CCGR NTION MAOFE BY G, NORRIS JLLY S5 723 57 TURP 10
- SETYR 1
COMMON/COND/RFADGSYSTEMOUTPUT WNX oNY sNU o NXCoNUCINL N2, CTGITL, SFTue 1?2
1CONTUR GNUMERS (FROS, TRESP MNODFL yNSCALE, SAV, CMAT ,NK2Z, TFLAG, S-TUur 13
2160, FORM, IPT,READI, 4IXE 0, MULTRY,SCAPLY ,Z0M, KCUNT 3ETU® 14
INTEGER PFEAN,SYSTEM,OUTPUT ,FORM,CCNTUR,SAV,CHAT,RZANT, FRPS, TREGP S°TUP 15
IRTEGER NIGITL,SCAPLT,Z0H SLTUP 16
COMMON Z/ACONDZ NELT,FINALT, IFREQ,FFRTN,DELFRO,GAINT,GATN2 MMM 3TTUP 17

2TAL Kty K2, X3, Xi, TFRFQ, MMM SETUP i8
DIMENSION MU10,20), MM(20),P(2N} 3TTUP 19
DIMFNSION B CMX gMX ) o BIMM MUY 4C{MX g PX ) (H (MY 4 MX Yy CUMY  MXY o F (MY MU, 5.TUP 20

TR IMUGMX D K2 (MU,MX) K3 IMUe XY o KG (MU MXT s DEMU, MUY S:TUP 21
2L, FX) G W2 EHY MXY | WIEMX,MX) FOOTP{MX) 3ETHe 2

~ DIMENSTION W1(15415),y H2(15,150, WI(15415) ScfuP 23
C UIMERSTON A€165,15), B{154100, CU1S4151¢ HO15415), GU15,15) STUpP 24
" DIMENSION FE1E,100, N{10,10)s ROCTR{151, St TUP 2%
r 1 K1013,165), K2(10,15), KI{10,1%), K4(310,15) SETUP 26
CCMMCN/RLKOAT/NUNER , TENOMy GAIN, GRAPH,BLOCK s STATF,YTOV,7TOU,Y7TOK, 3TTUP 27
TTTHINY T THINU JNELOCK s NYT OV yN2TCUGMXY U NY ZTOK A XT NYT o NUT,NY1,NUL 57Tyl z8

REAL NUMER ScTup 29
INTZGFR GRAPH,BLOCK, STATE, YTOV,2TCU, YZ TOK 3FTUP 20
DIMENSION HRAPH(2045) ¢RLOCK 120430 yNUMERI20 451, DENOMIZ20,51), ScTye 31
XGATNIPT ), STATE (20,43 4L THINY (303, I THINU(20),YTOV( 20,2}, 3:Tup 3?7

X 7TOU(2D,2) JNXYULB) ,YZTOK(20,2) SETUP 2z
COMMON/SLBMRIT/ [SUBNAM SETUR 36
[FITSUANAM.GE,L2) WRITE (3,390) ScTyP 35

990 FOPMAT (1 X, *SETUP*) 3°Tye 36
IMIX=9 ScTye a7

ICvz) 3:TyYP e
MAT1=MX SItTuye 319
MAT2zMX SETUP 40

MAT =M X SETUP L1

MATL =M X SETU®S LY4

MAT B =MX SETUP L3

MATH =M X ScTup Ll

IF (CMAT,.EN.9) GO TO 5 ScTue (3

C 3ETUP 4“6
C SLIMINATE C MATRIX SETue Y4
C SETUP 48
CALL INVR (CyWZyNXyls SETUP L9

MY MY, MU MS, MATE MAT2  MATT ,MATU 4 MATS,MATH) SETUP ]

CALL MULT (NZ3AsWIaNXyRX Ny SETUP 33

L PX G MY oMU MS MA T MAT2, MATI  MATU,MATS5,M2TH) SETyP =
CALL MAKS (A, W1 ,NXyNX, SETUS £3

TMX G MY MU MS o MATL MAT 2, MAT IoMAT 4 MATS,MATE) SETUP I3
MATH=MU SETUP 55

GALL MULT (W2,R,W1,NX,NXNU, 3ETLUP 56

IMY MY oMU, MS, MATL,MAT 2, MAT 3, MAT 4, MATS,MATE} SETUP 57

PAT? =MU S5tTUP %8

141



-

ra

7€

RG

at,

166

1t

SUREANTIAY

3ETLP TI/T npr=1

12

139
838

260

MATLEMX

FOLL MAKE (R,W1,0X, NU,

M, MY, MU MS  MATL G MAT2 g MATI,MATL 4 MATE MATH)
[T RED]

GC TC tS0410.10)4SYSTEM

IF (NK2,EQ.NY GO T 4D

FLIMINATE K2.Ku MATRICES

I[F (SYSTEM EN.I.ANTLMIXEQ.NELL) GO TO €69
MAT § =My
MAT?2=4X
MATL =My
CALL MULT(K2,R, Wt JNUJNCINY,
THY MY  FUGMS MATL MATZ MAT 3, MAT L, MATS,NATG)
00 12 I=1,NU
00 11X Js1,.NU
W21 J)==W1(T,J}
CONTINUS
WPLIs11=3.,0¢W2(L,10
CONT INUF
IF (DICITL JNEo 1) GO TO 838
00 9*3 I=1,NU
NG 333 J=14NUC
W2 T, 1)= 0.0
IF (1 Qe J) W2UI,I)= 1.0
CCNTINUE
CALL INVR (W2, W1sNUyO,
AMX MY MU MS  MATL (MAT 2 MATI  MATL ,MBTS ,MATE)
MATY =ML
MAT =N X
CALL MULT (K2,A,W2.NUNX N,y
IMX G MY g MU MS oy MATE ,MAT2, AT, MATL,HATS MATS)
CALL N0 (1.0,K141a04N2 W3 ,NU4NX,
LMy MY g MU MS,MATL ,MAT2,MAT MATY MATS, HATE)
MAT {=MX
CALL MULT (W1 4N34H23NUNUGNY,
LEX MY M) MS MATE MAT2  MATS , MATL ,HATS ,MATS)
MAT I=MU
MAT, MU
TALL MULT (W1 ,D4W3NU, NU,NU,
IMX MY MU MS, MATL, MAT 2, MAT I MAT 4, MATS ,MATH)
MAT Y =My
MAY 2=4y
MAT3=MX
MAT 4=MY
CALL MAK T (N, W 3,NUNU,
TMX, MY, MU MG MATL MAT2, MATI MAT G MATS, ,METF)
MAT 2=MX
CALL MAKFE (K1yW24NUZNX,
MY MY, MI MG, MATL, MAT?, MATI , MATL ,HATS ,MA TR
NKPz)
C TN L0
MAT 1=MU
MAT3=MX
CALL MULT (K2, AgWlyNUy NXyNXy
THMN MY MU MG MATL  MAT2 MATSI (MATL (HATE JMATS)

142

FIN L.2¢750R0

01709/7¢6

SETUP
SETUP
SETUP
SETU®
SETUP
3ETuP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETYP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETYP
SETUP
SETUR
SETUP
SETUP
SETUR
SETUR
SETUP
SETUP
SEvTUP
SETUP
SETUP
SETUP
SETUP
SETUR
SETYP
SETUP
SETUP
SETUP
SETUP
SETUP

14e14,0R,

109
110
111
112
113
114
115



130

1u0

145

IANNIVA S L N Vi S 78774 CPT=y

CALL MULT Ity AeW2yNUy NX NX,

TMY MY, MUGMS,MATL MAT 2, MATJ, HAT 4, MAT 5 MATH)
CALL A0 (1,0 9Kt o100 N 12W34NUSNX,

TN G MY M) g MS o MATY , HAT? , MAT3, MATL ¢ MATS, MATE)
TALL 200 (1,0,K3, 1,0, W2 W1, NUJNX,

LMY MY MU MS, MATL (MAT2 MATIMATL HATS ,MATHR)
TALL MAKE (X1, W3I4NUy NX,y

LMY MY MUZMS, MATL, MAT 2, MAT 3, MAT L MAT 5, MAT6)
TALL MAKS (K3 ¢ WL MUy KX,

TMX MY MU, MS,MATE, MAT?, MAT 3, MAT L, MATS,MATA)
MaTuz=MU

TALL MULT (K24 PoN14aNUyNX3NUy

LMY MY MU MS, MATLI MAT2, MATI, MATL MATS HAT 6}
CAOLL MULT (KiyByW24NUyNX NU,

LMY (MY MG MS MAT 1 MAT 24 MAT T, MAT 4, MATS, HATE)
MATw=MX

CALL MAXT (K2 ,W1,NJ,NU,

IMX MY MU MS MATL MAT 2, MAT 34 MAT 4, HATS, MATS)
CALL MAKE (Ku,N2¢NUsNU,

TMY, MY (MU, MS , MATL1  MAT2 , MATI ,MATL ,MATS ,MATE)

+) COMTINUE
50 IF (CUTPUT.EN,1.0R, OUTPYT.FQ.1) GC TO 51

ELIMINATE G MATRIX

hEakal

MAT Y= MY
MAT 2zM X
MATR=MY
MAT MU
CALL MLLT (GaP WL ,NY NXINU,
14X, MY, MI, M5, HATL, MAT? , MAT3 , HA T s MATS JMATH )
MAT2=My
MATW=4Y
MAT 3=MX
CALL ANN (1.0 yFalaQeWisW2yNYNU,y
LMY, MY, MU, HS, MAT1, MA T2, KAT3 MA TG MATS ,MATS)
CALL MAKE (F N2,N,NU,
LM, MY MU, HS MATT,MAT2,MATI, MATL, HATS, MATE)
MAT 2 =M X
CALL MULT {5, A, K1 NYNXsNX,
THX LMY, MU MS MATL (MAT2 (MAT3  MATL ,MATS,MATH)
CALL ADD [1.0,Hy 1,0, W1, H2,NY,NX,
THMX MY, PU MS, MATL,MA T2, MATI MR TG ,MATS ,MAT B}
CALL MAKE (M W2 NY NY,
1M, MY MU MS,MATL MAT 2, MAT I, MAT Y, MATS ,MATE)
IF (CUTPUT.EN.2) DUTPUT=3
IF (DMTPUT,.EN.4) OUTPUT=Y
51 TF (MIXEOJNE.1.0R.PEAD.EQ.«) 6C TO 210

ALGMINT SYSTEM WITH CONTRPOL SYSTEM MODELED

oan

MATY=MY

MAT2 =MX

CALL 7071 (CoMX, MY,

AMX, MY, MU MS, MATL  MAT2 HATI,MATH MATS MATE)
00 211 T=1,NY

Cel,IY=1.10

143

FIN <, 24252¢€

IN CLASS

1709776

SETYe
SErye
St yye
3FTYP
Se TupP
SETUP

1L, 1U,R,

115K
117
118
118
120
121

122
123
124
125
126
127
128
129
120
131

1232
133
134
115
136
17
128
113
140
1.1

142
143
et
145
146
14?7
1.8
1.9
1.7
11

172
153
1FL
1¢5
16
te7
178
1£9
140
161

1€2
1€3
1EL
1&%
1¢6
167
1-8
1€3
17¢C
171
172



ta g

130

17¢

218

21¢

220

276

SURPAUTT A

5 3al

O

3-TU

Mt

Ry

(233
50

e

nh?

P T/ T aPT =1

GONT [NUE

CALL CLASS TR, Ay G aHy 5 FyDy Wiy W2y W3,y
LMXy MY MUGMS,MATL, MAT2 ,MATT  MAT .. MATS,MATE)
CONT INWF

MAT{=MX

MAT 2z MY

MAT TzMX

MAT =Y

CALL AT (W1oAyhX,NX,y
1 MX G HY (MU MG MATE,NAT2,HAT 3, MATL,H TS, MATE)
IF (NSCALT +3) GO TO 57

IF (MNSFALE «2) 6O To 52

FIN 4.2+7536L

SYCT ™ LCALEN PY A JTAGCNAL SIFILARIOY TRANSF-FMATI N

ICk=1

FALL ASCALE (NX.JeMyHN,P W1 W2 W3 ,ROCTR,
TMY MY M MG MATL MAT2, MATI, MATL,MATS MATH)
0e 80 I=s 14NX

oe A9 K= 1,NU

K10, DY =1 (<, T2/754T)

TF (SYSTEM.NT . JAND NKZ.NEL 1) GO TD A1
K3( <, Tr=K3{«, IV /FLL)

QI X ¥=T{L,kI1*P (]

CONTINUE

1€ {SYSTEM, "N 3., 0RMIXS0.EQ.1) GO TQO 662
00 70 TI=1,NY

0 79 ¥=1,NX

HET W KY =R UI,K) /7P IX)

CCNTINUE

MAT {=MX

MAT X

CALL MAKFE (A WLy NXaNX,
TMX MY MU MS, MATL MAT2 s AT, MATL ,MATS ,MATE)
IF (IPT.LT.1) GO TO 52

HRITE (3,410

110 FCRMAT (1M1, 10X,*TME RENUCFD AND SCALED SYSTEM IS*)

52

%65

LE6
L]

457

CALL SFIT (AP ,CoMHsGoF K1 4K2Z K3 ,Kley0y
TMX G MY yMU JMS yMAT L, MAT 2, MAT 3, HAT L, MAT5, MATE}
IF {NIGTTL.NS.1) GO YO AD
IF(NTTQU.EN, 0, ANDJNYTOV.EQ.0) GO TO 485
IvIx=1

50 TQ an

DISOCRETIZE CCNTINUOUS PCRTION CF SAMPLED=DATA SYSTEM

IF (MMM, Q0,00 GO TO &55
IF {SYSTEM,NE. 1) GO TO 456
GO TO 57

WRITF (3,ukR)

017 0377¢

3ETUP
SZtue
SeTUP
SETYR
s£TyP
SETUP
SETuP
SETUP
SETUP
SETUP
SETUYP
SETUP
SETUP
SETU®
SETuP
SETYD
SETYS
SETHYP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SZTUP
SETUP
SETUP
SETUP
SITUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETYP
SETUP
SETUP
SETUP
SETuyP
SETUP
SETUP
SETUS
SETUP
SETUP
SETUP
SETUP
SETUP

FORMAT (/,* P00T LOCUS AND CLCSEQ LOOP OPTIONS NCT ALLCWED WITH MO SETUP

-Q0IFIE0N 7-TRANSFORMS®/)

XP=MMMeDELT

CALL EZT (WM A, W1, W2, W3y CoNXE,

LFX MY MU MS G MATL (MAT? JMAT3, MATL,MATS \MATE)
IF (29H, 0N, 20 GO YO 459

ouUTPUT=3

144

SETUP
SETUP
SETUP
SETULUR
SETUP
SETUP

1L, 14, 0R,

1713
174
178
17¢
177
178
179
140
101
142
103
184
185
196
187
188
149
10
161
192
193
194
198
196
197
198
169
200
201
202
203
206
208
20¢
207
208
209
210
214
212
213
214
215
216
217
218
219
220
221
222
223
224
22%
226
227
228
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240

2n0

28¢

«59

61
wh?

whi

453

~

TLOKANTIRE STTLP 7374 DPT=1

MAT MY

TALL MULT [H W2, W3, NY NXCINKC,

TEN MY MU MGy HATE  MAT2 g MATS yMATL (MATS ,MAT )
MAT LMYy

MAT]=MY

CALL MULT (W3,P,CyNY (NXTC,NUC,

LRX MY My S MAT L, MAT?  MAT 3 MATL, MATS, HATEY
-nyg:mr

MBT 3MY

MAT, =MU

MATE MY

MATH=MU

CALL ANT (1.+ColasFeFyNYNUC,

IMX MY, MU, MS, MATY , MAT2 s MATI  MATGL ,MATS (MATE)D
MATY | =MY

MAT 3=MYX

MAT4=MX

VATE zMY

MATE=M Y

CALL MULT {Ho Wi, NI NY,NXCNXC,
LMY oMY M) MG , MATL (MAT2 yMATS (MATL ,FATS (HATH)
NALL MBK= (Hy W3I,NY,NXC,
LMY, MY, MU MS, MATL MAT2 (MA TS, MATU MATS \MATAH)
IF (70H,E0,NUC)Y GO TN 455

NN1=70H+1

00 w20 I=1,NY

IC 4£8 J=NNL,NLC

IF (FOI,J)aNS. L) GO TO 461

CONTINUF

GO TO 4h?

WRITS (3,448)

IC LR3I I=1,NY

N0 53 J=NNL,NUC

¥Y=1,9

DO 4€4 Xz 1, NXC

XX=XXeH (T 4K) B (K4 J)

CCNTINUT

F AT, JY=XY

CONTINLS

AUTPUT =3

CONTINUE

CALL EAT (DL T,ANL W2 ,H3,C4NXC,

TMX (MY (MU MS o MAT 1 MAT 2, MAT 3, HATL, MATS, #ATE)
NA1=7CH+1

no 7 I1=1,NXC

90 7 J=1,NXC

A(T, 0= Wi(I )

CCNTINLE

IF (70M.EQ.0) GO TO Gl

MAT { =M X

MATL=MU

CALL MULT (W2, 8, W3, NXC, NXC,s ZOH,

LMY MY, MU, MS MATYL MATZ ¢y MATI (MATL (HATS ,MATH)
HMAT 2 =MU

AT 4= MX

NALL MAKE (Rym3 NUT,20H,
LMY MY MU HS A TL,MAT 2, MAT 3, MAT L, MATS,MATH)
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J1/3377r

sgTue
SETUP
3FTyoc
Setye
ScTup
SETUP
SETUP
SZTUP
SETUe
SETUP
seTue
SETUP
SeTuP
SETUP
SZTuP
SETUP
SZTuP
SITyP
SETUP
sFTye
JETYe
ScTuP
SETUP
3ETUP
SETuP
SETUP
StiuP
SETUP
SCTUP
SETuU®
sztue
SETYUP
SETUP
SETUP
SETYP
SETue
SETUP
SETY®
SETUP
3ETUP
SETUP
SETUP
Setuel
S€Tye
SETUP
SETUP
S5ETYP
scvue
SEZTUP
3ETuUP
SzTUP

1as TR,

210
711
212
213
234
215
21¢
237
238
239
240
241
242
243
2u
245
2uk
247
2un
249
2¢p
21
232
2¢3
204
2¢S
2¢6
2¢7?
258
2¢9
2¢0
261
2¢€2
2¢3
264
2¢5
2F6
2¢7
268
2¢9
270
27



2ag

295

xag

15

31¢

T2

AR 1Y

315

[
3
-~

SELENUT TS

200

S+ Tu

+41

“bl

Lyl

LLf
4y F
we?

P4
1=
111

A1

Nt

o T3/ 74 cPT=1

1F (7O0H,FQ.N'IC) (O TO 442

IF {70M.LT.NIC) 0 TN uil

MRITE (3,bkby)

FOPMAT (/4% 70H GREATER THAN NUC*/)
N0 4e3 I=1,NY

N0 «43 J=NN1,RNUC

IF (FUTyJPeN"T04) GO YO w3
CCNT INUF

GC TO w47

WRITE (3,4081

FORPMAY (/% F MATRIY NOT NULL *}
N0 <49 I=1,NXC

00 549 JTNNLLNUC

XX=7,0

DO 4P Kz, NXC
XX=XXONL (LK) #RIK,I)

CCNTINLE

W3LT, 0= ¥X

CONT INUY

IF (MMM NEL0,0) GO TO 470

N0 <02 T=1,NY

00«37 JTNNL L NLC

X¥=3.0

DC 7% K=1,NXC

A=A xeH{I,KI® A(K, 1)

CONTINUE

FLr,Jr = xX

CONTINUC

00 Gl I=1,NXC

00 w51 J=NNL,NUC

AT« Y= WICT 4 J}

CCNTINLE

nuTPYT=3

CCNTINUT

IF (IPT.LT.1} GO T2 80

WRIT: (3,111)

FCRIMAT [1HY,10X,* THE DESCRETIZED SYSTEM 1S5*)
CALL SPIT (A, 3, Cs Hy G, F, Ki, X2, K3, K&y O,
LM MY, MU, MS, MATY (MA T2, MAT3,MATL,MATS M ATE)
CONT INUE

IF (MTYSOME.1Y GO TO 500

IF (IMIX,EN2) GO TI 520

SLNCYSTEMS DESCRIAED IN STEPL AND STEP2 OF MIXED LOADING OPTION

ARE GOUPLED USING YTOV AND 7ICL

IF (NILOCK.EQ,.C) GO TQ 300
MAT1=MX

MAT? MY

EYARECE

HATL MY

CALL 7CT1 (WL, NUT.NYT,
TMY, MY MU MS, MATL  MAT2 HATI , MAT S ,MATS (HATH )
IF (N?TOUL.EN.O0) GG TN 308

nn 351 T=1.,N7TCU
WIC7TOULT 420 4ZTO0 (T, 13 eNY 1) 21,0
FONTINUT

146

FTN 4,2+ 75086

01709776

SETUR
SETUF
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SeTue
SETUP
sETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETYP
SETUP
SETUR
SETUP
SETUP
SETUP
SETUP
SETUP
5ETUP
SETUP
SETUP
SETYP
SETUP
SETuP
SETye
SETYP
SETUP

1ol s0f,

237
2R8
289
2490
7?91
292
283
294
295
2%6
257
298
299
ice
1
362
363
ity
308
106
337

330
33t
3312
313
23y
335
23
337
3138
319
340
LETY
Ju2
343



18

i q

35¢

360

390

195

SUNEOUTT M

53%TU

100

303

2

07

106

13
312

n 73/74 aPT=4

IF (INYTOV.Z9.0) GO IO 302

NN 343 T=1.NYTCV
WLLYTIVII 2 1eNUL,L,YTOV (T 1})=1,.0

CONTINUC

MATE=MY

MAT? =My

FALL MLLT (F, Wl W NYT NUT.NYT,

TMX MY G M MS MATY MAT2  MATI MATY,MATE ,MATED
0C 30€ T=1,NYT

DO 307 uz1,NVYT

LMOSWIEEL RIS

CONT InU#

MWI(L,I1=1t.NeR3LL,T)

CONTINUC

CALL TAVRIW3I,CyNYT, 1,
LMY MY MU G MS G MAT 1 JMAT2 s MAT3I MATL,PRTS 4 MATS)
MAT L =M

MAT2=4)

MAT=MY

CBLL MULT (CoH Wi NYT  NYT, NXT,
1MUY MY MU MS MATE,MAT 2, MAT 3, MAT L, MATS MATE)
MATY=MY

MAT 3=MY

TALL MAKS M, W3 NYT, NXT,

TMY MY (MU MG MATL MAT2Z ,MATI MAT Y MATS (MATA)
IF (IC¥,NE.1) CO TN 31?2

DO 31 T=t.NY

no 313 J=1.NX

BULaJY=HIT, I /F LI

CONT INUE

CONTINUE

MATY =MY

MAT =M X

MAT 3=MY

MAT 4=MU

CALL MULT (O F M3 ,NYT,NYT NUT,

THX G MY (MU MS MATL,MAT2 yMATI  MATG,MATE MATD)
MAT1=MY

“AT2 MU

MAT I=MX

MATL =M X

CALL MAKT(F, WY, NYT NUT,

TMX MY MU MG G MATL MAT2 , MATY MATL ,MATS ( MATH)
MATY=MYX

MATP My

CALL AULT (G M1, W3, NXT NUT,NYT,

TMY MY MU MGy MATL  MAT2 MAT I MATL MATS METR)
MAT2=MY

MAT I=MY

DALL MULT (W3 M, WL NXT NYT NXT,
LUN MY MU G MS (M AT L MAT 2 MAT X MAT L MAT5,MATS)
AT 3I=MX

DALL ADN (1.0, 8,1,0,¥1,8,NCT (NXT,
TMY MY MU MS MATL ,MAT 2 MATT , MAT 4L HAT5,KATE)
MAT MY

MAT ,=M(

CALL MULT (W, FaWi ,NXT  NYT,NUIT,
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FTN &, 2¢76060 01/709377¢

SETue

SETYe
St Tus
SETUP

S+ TUP

SETUP
SeTUP
SvTye
SETye
SETUP
SETYP
3ETUP
ScTue
SgTue
SETUP
SeTup
srTyP
SEYUP
Scrye
SETUP
SZTUP
ScTU®
SETHR
sztTue
3£TUP
SeTua
SETUP
SETye
SZTyp

luateanng,

omon

[ R R R R
A Lvan

g
N D OBNRVE NN

-
T
o

35
16
3n7
3es
3€9
370
371
372
373
I
3175
376
3?7
378
179
320
181
3R
383
3ay
3es
386
3a7
3F8
289
3<0
191
33?7

354
19¢

396
337
308
399
400



W E

«10

L3 84

W20

W15

AReNT TN

wo Ty

"
"

N

3k

r2e

7te

M3

e

71 ¢

RO1

LLRY

02
503
A00

# TXTL TPI= FIN &, 2¢ 25080

TMX MY MU, MG MATE, MAT 2, MAT 3, MAT 4, AT S, MAT &)
TF {ICX, MELLY GO TO 313

70 X1t 1= LeNX

NG 311 J=1,MY

WICL, D=wi(I,Jr/P (0}

LONTINUS

GCMTINLE

MAT XM X

MAT » - MY

MAT LMY

MAT =M

CALL A0 (1,0,0 o1, 0,H1, W2 NXT NUT,
THX MY, MU MS MATL (MAT? (MATT  HATL ,MATE NATE)
MAT =ML

CALL MAY T (14 WZ,NXTyNUT,
TMYX, MY M MG MATT MAT? yMAT3 MATG, FATS,HATE)
CCNY INUC

IF (TMIX¥.N, 1) GO TO 465

IeT¢=2

[0 T0 4RE

IF (25ANLEN, L ORMIXSDLEN. 1Y O TO 728

GO T 7))

IF (NYTTOK.AN.AY GO TO 720

CONSTRINT FYe CFARK MATRICES K1 ANC K3 FROM YZTCX

TF (TYSTEMEN L) SYSTEM=2

x=1

=1

MAT 1 =M X

MAT =My

CALL 7CT1 {W1 4 NUT,NY,

IMN G MY MU HS, MATL  MAT? yMAT3 MATL (MATS \MATEY
CALL ZCTU(N2 NLT NUT,
LN, MY, M MG, MAT ], MAT2, AT, MATL,MATS,MATED

CCNTINUT

NG "14 J=1,NX

WLLY2TCKET, P, d)= HIYZTORCT 1) o J) ¢WLUYZTOK(T, 2}, 00
GCNT INGF

DO 713 1714NUT

W2 AYZ7TNK (T 42 )y dh= FUYZTOKIL,1Y,J) ¢W2LYZTOK(I,2) 0}
CONT INUF

I=T#1

IF (SY°YSH ,EQ, 2} 50 TO 730

00 300 J=1,NY2T0K

nn 20t L=1,20

IF (Y719K(Je2) (EN, ITHINUCLYY GO Ta 800

CONT INGT

WRTIT™ (3,A0<) Y2TOK{J,2}

FCRMAT (/10X,"M0, *,15,% TMPUY MUST BE SAVFD FCR FEFNBACK*/)
D0 R0? {=1,20

1F CITHINUI21-L),.FD,0) GO TO 802

IF (YZTOKIJ, "1 G ITHINU(?1=1L)) GC TO 803
ITHINUE22=L)=1 THINU(21-1)

CCONTINLY

TTHINUL22=-LI=YZTOK{J,2)

COMNTINUS

148

01709776

SETYe
SETUP
3ETYP
SETyYP
sETue
SETUP
SETUP
SETYP
3ITuP
SETYP
SETUP
SETUP
3ETUP
SSTuP
SETUP
SCTUP
SFTupP
Setue
SETUHR
SETUP
SETYP
3ETUO
SETyR
SETUP
SETUP
SETUP
seTue
serur
S€ETUP
3ETue
SETUP
SETUP
sgTue
SETUP
SETUP
SETUP
SETUP
SETUR
SETUP
3ETYP
SETUP
SETUP
SETUP
SETUe
SETYP
SETUP
SETUP
SETUP
SETYR
SETUP
SETUP
3ETUP
SETUP
SETUP
SETUP
SETUP
SETyYe

thatb 08

L0t
w32
4n3
LN
408
Lok
407
408
+19
“10
11
w12
413
Glu
415
“16
w7
w18
«19
«20
421
w22
423
24
4?5
4u7b
427
428
“?9
40
+31
432
L33
Wy
urs
UR1-3
«17
438
4«19
4ug
Hut
L4?
443
Lily
Lus
uub
hu?
1y}
ws9
<D
wél
-2
(LA
Lol
455
uc6
“s?



Y7e

W7

WAy

wih

TLROAUTIN

3-Tne T3/ 70 0pT=t

MAT | =M1y
MAT oMy
TF (K .21, 23 50 1) 7131
CALL MAKG {1 W1 4NUT NY .
TMY MY g MU MG MATL  MAT 2, MAT 3, MAT L, MATS, MATH)
CALL MAKS (K2, H? NUT.NUT,
MY MY MU MG MATL MAT2,, FAT3, MATL,FATS MATE)
IF (NY?2TOK ,€0, 1) GO TO 71?7
[ -4
SO DI & 8
TIL AL MAKF K3, WLaNUToNX,
TN MY M) MG, MATL  MAT2 , MAT§ , MATL ,MATS (MATH)
CBLL MAKT (Ki&yW2,NUTNUT,
LM, MY MU MG, MATL (MATZoMAT I, MATL MATS MATE)
TF INYZTOK 6T 21 MRITE (3,722)
722 ECIMAT (/%ONLY 2 LOOPS ALLNWEC*)
137 N0 T3l L=1,NUT
NC 733 J=1,NUT
TF (K2 4L JY «NEo 0,00 GO IO 73
1F (K4 Ly d) NF. 0o0) GO TO 734
7XT MLONT INUF
fo o 72N
736 MKz
e vy 720
730 IF (1 JLF, NYZ2TOK) GO YO 713
ne 735 JzteNUT
no 7317 L=i.NT
CEARIERY XA NN ]
737 CONT TS
WP(Je 11 =1.0¢d210J,J0
Tim CCMTINGT
MAT §=MX
HATIIMY
CALL TANVE (W2 W3 NUT.1,
IMX MY MU MG G MAT L MAT 7\ MAT 3 MATL,MATS HATH)
KATH =My
MAY2=u)
MATI =Y
MAT & TMX
CALL MaK: (N, W3NUT,NUT,
LMY MY, MG MS, HATL  MAT2 , MA TS, MATL MATS (MATH)
MAT L =M
MBTZ2=Mx
CALL MULT (W3,W1.,H2¢NUT,NUT,NX,
TMY MY MU MG MATL,MAT 2  MAT T, HATL, MATS,MATE)
MAT Y =M
CALL MAKS (K1 ,H24NUT (NX,
TEX MY MU MS  MA T MAT2 HAT3,MATL, MATS, MBT6)
720 CONT INUT
IF (RIGITL .NE. 1) GO TO 6
N0 A3T I=1.NU
0 A7 J=t,NUC
K2{T +J1-N,0
KLtIeJ1=0.0
837 COMTINUL
6 NLCNTINUD
IF (FULTZT «NE. M) GO TO 727
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FIN L.2+75060

01703/ 7¢

5€Tne
scrTye
SETYP
St
SETUR
SETUP
SETUP
SETUP
3ETUP
SETUP
37TuP
SETUP
SETUP
SETUP
SETUP
SETUP
SEYUP
SttTus
SETUP
STrTUP
SETUP
SFTyP
SETUP
SETUP
SETue
SFTUP
SETuP
SETuUP

SETUP
SETUP
3ETYR
SETUP
SETUP
SEYUP
SETUP
ScTue
SETUP
SETUP
SETUP
SETUP
SETuP
SetTue
3ITYP
SETUP
SFTUP
SZTuP

TS DL

“<h
49
GEO
LT3
we
Wel
e
4ES
143
ET7
LiA
LWEI
470
PRA
w72
“73
Wiw
475
L76
w77
“”8
4?9
w40
481
w2
4ol
LL13
LA
YRR
wn?
AR
“r9
499
[T
«92
Wwc3
Wol
©95
L6
La7
438
499
SN0
£01
5C2
50%
5ch
505
506
507
508
509
510
511
51?7
513
14



SURPAUTIRE 37TyR 7377 QP =y FIN L,2+75060 017 09/7F L&, 14408,

LF (SYSTEM .NE, P) 50 TQ 727 SETUP 515

G1% © SFTue 516
f FOR TLCSED LNOP ANALYSIN, INTCFPORATE FEEDRACK MATRX (K1 S5£TUP S17

[ ANOD FTENFORWARE MATRIX,N SETYP 518

“ SETHe 519

MATY=MX SETUP 520

520 MATC =My SETUP 521
MAT 2aMy scrTur 522

MATL=MY SETUP 523

CALL MULT (73,K1, W1y NXeNUyNX, SETYP 524

LPXa MYy MUCMS  MATL MAT 2, MATI L MAT L, NATG (FATE) S TUP 5285

£os PATPIMK SETUe 576
MAT T= X SETUP Y4

CALL ADD (1470 A01.04MH3 M2 NXYNY, SETUR c2

LMX MY MU MS MATL (MAT2 y MAT3 , MATL ,MATS ,NATE} SETUP 529

CALL MAKE [A,H2,NXNX, sZTne 530

<30 LMY MUGMY (MG, MATL MAT2  MATY MATL MATS (MATG) siTye 531
MAT 2 =My SETUP 532

MAT 3zMU) SETUP 533

MAT w=MU SETUP Sk

CALL MULT (A,0,N1 N NUGNU, SETUP cis

53e TMX, MY, MU MS, MATL  MAT2, MAT T, MATL HATS,HATG)D SETUP 526
MAT =M X SETUR 537

MATL =MYX SETUP 538

CALL MAKE (0, W1q4NXyNt, SETUP €39

TMX MU MY yMS MATL JMAT 2, HAT I MATL,METS,MATHY SETUP sS40

€40 MATY =My SETUP Sui
MAT 2=\ 3ETUP Su2

MAT3=MU SETUP 543

CALL MULT (FyK1eWioNYoNUSNX, SETUP B4l

THN LMY s MUGZMS MATE JMAT 2, MATI MATL,MATS (MATE) SETUP 548

565 MAT > =M SETUP Su6
MAT 3=MX SETUCE Su7

CALL ADD (1.0,HelaVeWL ,H2,NY NX, SETUP 5S4l

MK MY M MG, HATYL (MAT2 (MATS  HATL JHATS \MATE) SETUP 549

CALL MAKE (Ho W2,NY,NX, SETUP 550

HoC TMX, MY, MU, MSyMATL,MAT2 ,MAT3 MA T4 JMATS ,MATS) SETUP 391
MAT 7 =MU 3 ETUP 5€2

MAT 3=v SETUP 553

AT 4= My SETUP 5S4

CALL MULT (F 4D, W1,NYNUWNU, SETUP €5%

st TMXG MY, MU, MS, MATL (MAT 2, MAT3, MATL ,MATS,METH) SETUP 556k
MAT 3=MX SETUP 527

MATY =MX SETUR 528

CALL MAKT (F, N1, NY, NU, SETUP £eg

IMX MY (MU MS  MATE (MAT 2 ,MAT I MATL ,HATE (MATS) SETYP S€0

SEG SYSToM=zq SETUP 5F1
727 CONT INUS SETUP s5€2

IF (RTANGEN, . ANDLSYSTEM.EQ.3) GO T0 828 SETUR 3€3

IF (MIXEQLNT.1) RO TO 721 SETUP Sé4

324 1F (N3LOCK,EG.0) GO TO 520 SETUP 568

TED r SZTuP 5¢€6
L THIN TH: [NPUT VECTOR (MIXED LCADIMNG OPTION} SETuP 567

c SEtTue 5¢8

no 394 I=1,410 3ETuP 5€9

00 321 J=1,NX SETYR 570

©71 8L, II=RCJ, TTHINULIYY SETUP 571

150



TUEeOY TINE

cag

wl

SO0

€35

F1e

615

TOTue T3/ 7 nePr=t FIN 4. ?2¢7506(

191 CONT INUF
NC 323 J=z14NY
Fely 1) =F (Jy ITHINULIY)
323 NCONTINUG
IF (°YSTFM JcCe 3 4 NR MULT®T NE. 3} GO YO 22
no T %05
327 N0 325 J=1.NX
K1{T, =X ITHINUCT) o S)
KT 4 JI=KILTTHINULLY oJ )
325 CONTINWY
no e J=t.NUT
NI, T1=N(J, TTHINUCINY
3726 CCNTINUE
00 X227 J=1NUT
CeL, N=NC(ITHINLITY )
327 CONTINUS
365 IF (ITHINUCI#1) LE0, 0y GO TO 28
30w CCONT INUF
320 IF (1.LT.NUT) NU=T
771 CCHTINW
TF (MVAW.EO.h.OR.HI!ZD.EG.1.OE.F€AD.ED.3i GO TC 729
6C TQ s2¢
72¢ CONTINUS

THMIN THe OQUTPUT WCTOR (MIXED LOACING CPTION)

no ~ot 1=1,30
00 02 J=L,NXT
HEL I =HATTHINY (T, )

332 CONT INUF
ne 303 a=1,NUT
FAT, )1 =F (ITHINY (1), ))

0§ CONTINUF
IF (ITHINYII¢1) JEQ. O G0 To €21

€01 CONT INYF

21 IF (I.LT.NY) NY=I
If (IMIX.NEL1) GO TO 520
IMTX=2
GC YO 4ES

521 MATL=wMX
MAT?2=MYX
MAT 3I=MX
MATLZMX
MALL MAXE (W1 48 NX,NX,

TN MY MU, MS, MATL, MAT 2, MATI , HATL JMATS (MATA)
1F (MIXEN.EN.1) Go T0 02
IF (IPT.LT.1} GO YO 200

102 WRITE (3,100)

100 FORMAT (1M1410%,® THMI FINAL REDUCED SYSTEM IS*/ /)
CALL SPIT (AR, CoHrGoFyKLyK29K3,KLyDy
1NY.HV.HU.HS.HAY1.HAT?.HAT!.HQTL.HATS.MATG)

200 NONTINUS
g8

151

0t/793/7+

3ETUP
S« TYpP
SETUP
SeTuUP
JETUP

145,146,08,

512
573
57t
576
576
577
578
CRL]
SRQ
581
587
5A3
S 84
585
586
SRY
548
€A9
590
591
5¢2
593
€ch
€es
566
€c7
598
539
600
€01
wi2
€03
€EC4
605
€06
507
508
€09
610
€11
€12
E13
(3 1)
615
£16
617
618
619
6260
621
X4
671
624
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SLGREAJTITA

soyv V2N cPY=1 FIN «, 2475300

SUPRQUTINE SPIT RNy Ca Moy FaKl a2y X3 9Kbay Dy
IMX, MY MU MG, MATY ,MAT 2, MAT 3, MATL,HATS5 ,MATE)

THIS SUBRNYTINF PRINTS ALL MATRICES ACCOROING TO THE
CARAMETERT, SYSTEM ANC CUTPLT, LSING SUBROUTINE SPITH

COMMON /M ONT/READ, SYSTEMQUIPLT (X NY NU, NXCyNUC N1 M2, CIGTTL,
1 CCNT G, NUM 95, FRES, TRE SP,MODEL yNECALE +SAV,CHAT (NK2.1FL 8G,
2IGNFOFMIPT R EADT,MIXEN yMULTRT 4SCAPLT 4 70H X CUNT

INTZGER READSSYSTFM, OUTPUT,FORM,CONTUR,SAV,CMAT,REANT, FRPS,TRESP
INTEGER DIGITL,SCAPLY,ZCH

DIMENSTON A (MY gMX ) g BIMX oMUY o C 1M, MX Dy HIMYy MX Do GEMY, MX) o F (NYy MUY,
1K1 (MU, MY Do K2 MUy #X) 3 K3 EHU, XY o K& (MULM XD, DEHU MUY

REAL X14K2,K3,K4

COMMON/SUBHRT T/ TSUANAM

[FCISUANAMLGE, 2} WRITE(3.390)

197 FARKMAT(IX ,*SPIT®)

MAT LMY
MAT2=MX
HRTTE (3,10
tn FGRMAT (/7 10X, *THF A MATRIX 19%/)
CALL SPIT1 [A,NX,NX,
LMY MY MU MS, MATL,MAT? , HAT S, MATU MATS, HATE)
HWOTT® 17,11Y
11 FOFMAT (/7 10X,*THE A MATRIXY 1S*/)
MAT?=M{)
CALL SFITT (A, MXe Ny
AMX, MY MU, MSMATL MAT2,MAT I MAT L MATS ,H AT
MAT2=MYX
[F (CMAT.EN.0) GO TO 21
WRITE (2,200
21 FORMAT (//11X,*THE C MATRIX (547}
CALL SPITLI (C,NXJNX,
LMX MY MU MS  MATE,MAT2, MATI, MATL MATS MATE)D
21 CONTINUT
GC TN (S(,50.601,SYSTEM
6 WRITT (3,12}
12 FORMAT (/7 10X,%THE Ki MATOIX IS*/)
MATt =My
CALL SPITL (X14NUJNX,
LMN MY MU, MGy MATL MAT 2, MAT 3, MAT L HATS s MATE)
1F (AK2,20.0) GO TD 62
MRITE (3,13}
13 FCRMAT (/7 1 "X, *THI K2 MATRIX IS*/)
CALL SPITL (K2 ,NUWNX,
LMY MY (MUGHS, MA T MAT?, MAT3 MATL, MATS,MATE)
62 CONT INUT
IF (N2,F0.0)G0 TO 64
WRITF (3,14
14 FOOMAT (/7 10X,*THT K3 MATRIX IS*/)
CALL SPITL (KT, NUNX,
IMX MY, MU, M5, MATL,MAT2, MAT3, MATL,MATS , MATH)
IF (NK?,F0.D) GO TO 6&
WRIT  (3,13)
16 FOEHAT (/7 12X, *TH7 K& MATRIX 15%/)
CALL SPIT1 (K&L,NUJNX,
LMY MY MU M, MA T MAT2, MATI, MATL MATS ,MATED

152

01/09/7¢

SPIY

SPIT
SPIT

SPI1T

SPIT
SPIT
SPIT
SeIr
SPIT
SPIT
SPIT
SPIT
SPIT
SPIT
SPIT
SPITY
SPIT
SP1v
SPIT
SPIT
SP1T
selr
SPITY
SPIY
SPIT
SPIY
SeIvr
SPIT
SPIT
317
SPIT
SPlr
sSePIT
SPIT
SPIT
SPIT
SPIT
SPIT
SPIT
SPIT
SPIT
SPIT
Selr
SPIT
SPLT
SPIT
SPIT
SPIT
SPIT
SPIY
SPIV
SPIT
serv
se1v
SPIY
SPIT
Se1T

14,156,000,
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a1

an

CHETTTMN

SeIy 7377w cPI=t FIN . 2¢ 75967

by CONTINUG

TF (MIX-1.F0,1) GO TO 50
L0 T 237

S0OWRITY (3,161

1F FNCMAT (/7 10X4"THI H MATRTX I1S5%/)
17 FOPMAT (/7 10X *THE G MATRIY IS%/)
13 FORMAT (/719X ,*THE F MATRIY TS%,2)
19 FAIMAT (/710X ,*THE O MATRIX IS*/)

MATy=MY

CaLL SFIT1 (H,NY,NX,

TRX, MY MU MG MATL, MAT 2, AT, MATL,MATE, ,MATD)
GC TS (100.,5€,¢7,58) ,0UTPYT

56 WRITS (3,17)

CALL SPITL {6,hY,NX,
TMX Yy MU MG MATL  MAT2  MAT S, MAT UL MATS,MATH)
G0 TN 100

T OMRITT {R,18)

MAT? =MU

CALL SPIT1 (F,4NY\NU,

TMX MY MUMS MATL MAT 2, MAT 3, MAT L, AT 5, MATE)
GO0 T2 100

58 WRIT™ (3,17}

FLALL SPITL (G, NY,NY,

IMX MY g MU MS (MATE MAT2 MATI,MATL ,MATS ,MATE)
WRIT: (31,tR)

MAT 2 =My

CALL SPTTYL (F,4NY,NU,

TMX MY g MU MSyMATL  MAT?, HATI  MATL ,HATS MATED

100 50 T (200,110,200 ,SYSTINM
110 WRTIT= {2,12)

MAT LMy

MAT2=MYy

CALL SFIT1 (K§ +NUWNX,

TMX MY MU (M5 MAT L, MAT 2, MAT I, MATL,MATS ,FATE)
IF (NK?2.70.00 GO TD 66

WEIT- {3,13)

CALL SPIT1 (KZ,NUsNX,

ITMX MY, MU JHS o MATL  MAT2 4 MATS  MATY ,MATS5 ,MAY 6}

b6 CONT INUT

HRIT T (3,19)

MAT P=MY

CALL SPITY (N,NU,NU,

IMX MYy MU, MS, AT, MAT2, MATI MATL,MATE (MATED

200 CONTINUE

F THRN
CNP

153

01739775

se1y
SPIT
SerT
SPIT
SPIT
SerT
SPIT
seIr
se1vY
sPIY
ser1Y
serr
SPIT
se1t
serr
sPIY
SPLY
SPIT
sorr
sPIT
sPIT
sery
SPIT
serT
serr
seIY
sert
SPIT
SPIT
SPIY
sePIT
SPIT
sPIT
sery
SPIT
seIT
SPIY
sarY
serT
SPIT
SPIT
seIY
5017
sert
sert
serv

1915, .0,

o
[
€2
FX
Fo
(3]
EFR
£7
€8
k9
70

7

r2

T4
75
7€
77

79
“n
LR
R
¥}
a4
=5
13
°7
©8
*g
90
ct
c?
“3
S4
ag

ar
KL
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10
191
102
103
174



SR TIN S PTT

N

3919

10

20
10

1 T3/T0 cPY=1

SURENUTINE SPITY (A,NeM,

NN MY, MUt MG MATL, MAT2, MATS, MA T4, MATH  HATR)
OIMTNITON A(MATY,MAT?)
CCMMON/TUBHRT T/ TSUANAM
TFOTSHANAM,GF LY WRITEL3,390)
FCPMAT (I X ®SPIT1Y)

WEIT- {3,100 NoHM

FORMAT (211079

N0 21 I=1,N

WRIT™ (X.30) (A(T,))d=1,M)
CONTINUT

FNARIMAT (10512, 4)

RETUPN

eN

154

FIN 4, 2¢ 75060

01 /09/7¢

SPITH1
SPITY
SPIVL
Se1Tt
sPITY
SPITY
SPITY
SPIT1
SPITY
SPITH
SPITY
s5erry
SPIVY
SPITL

115,49,



SURCCHTINE THICT

0

~0

LMY, MY, MULM

PR R T T Y

a3y

A0

7Yy

oPT=1 FTN +.2+75060

SHORIYTINE THIST (A, R, CyH, F W1 W2 W3 ,RODTRWRODTI «UyK14PsZVy

S MATL,4AT 2, MAT I MAT 4, MATS,MATE)

THIS SURRNUTING COMPUTES A TARULATED YIME HICSTORY RESFONSE
OF ThE SYSTEM, INPUT TO THE SYSTEM [S UNDER USE? CCNTROL
THEOUGH A CALL TO SUARCUTINF TAFUT (LELT,T,U) WH-SC LELT IS
THT TIMF TNCREMENT, T IS THE TINE, AND U IS THF INPUT VECTDR
CF NIMINSTON MX, THE RESPONSE IS COMPUTED USING THE STATE

TRAMSTITINN

MATRPIX, THE TRANSITION MATRIX IS CCMPUTED AY THE

SURTOUTIN ™ EAT USING THE SCRIFS EXPANSTION TECHNIJH: 9 TEM
NF THT SCRPTES ARI USED.
CCRRECTTINN MADF 3y . NORRIS JULY 5 73

CCHMMON/COND/ZREADLSYSTEMN ,OUTPUTy NX o NY 3 NU; NXCoNUC N4 N2, CIGITL,

1CCNTUR MUUMERS, FRES, TRESP MOCEL ,NSCALE,SAV,CMAT ,NK2, IFLAG,
21GC,FORM, IPT yREADZ, MIXEC MULTRT 4SCAPLT (ZOHKCULAT
GCMMCN/ACOND/ CELT FINALY,IFREC, FFREQ,OELFRQ.GATINIGAINZ,M

INTEGE R RFEAN,SYSTEM,OQUTPUT,FORK,CCNTUR,SAY ,CMAT,RFANZ, FRPS,TRESP

INTEGER NIGITLSCAPLT,Z70H

RFAL X1, [FRFGQ, M

COMMONZLABTLZINPT,0UTPY,TITLE

LTAL IHPTC10), OUTOPT (20),TITLELE)

JIMTNSTION A (MU yMX), B {HX MU CIMXaMUNT JH (MY M) (F (MY, MUY
TATUAN G HX) W2 EMX MY ) (W3 (MX yMX) 4, ROOTR (MX ), RODTI (PX),UiHX]),
PELIMUGMX ) 3T IMU MU, 2 (MX), VIMXD
DIMENSTION ATLS,1:)y AC15,16), CU15,15) 4 H(15,10)
AIMCNSION F(15,10),K1010,35%, DA10,10Y, 7(15), VI(1'1}, U(1S)
CIMINGION Wi (15,150, W2{15,15), W2(15,15)
PIMONSTON RNOOTRIIGE, ROOTI(1S)Y
CTMENSION K2(10,15), K3(10,15)4 K4{10,15)

RfAL PST

COMMON /SURHRIT/ ISUBNAM

NAaTA PST/Z10MT IME ’

TFIISUANAM(GE.2) WRITE(3,930)
FO2MAT{t X ,*THIST*)

IF (NICITLLNF,D0) GO TO €

TF [MULTRT.GT.06) GO TO 690

CALL AT (DELT,AsWL, N24W3,CaNX,

MXGMY MU MG MATL, MAT2, MAT 34 MATL ,MATS AT 6}
MAT 1 =MY

MAT2:=MX

MAT3=MX

MAT L=AY

MATS=mMx

MATG=HX

CALL MAKT (A,W14NXyNX,

MY LMY (MU MS G MATE (MAT2 yMATI ,MATL,HATS HATE)

MATL =M

CALL MULT (M2,8,W3I(NY,NY NI,

IMY (MY MU G MS o MATL 4MAT2 yMATS, MATL ,MATS . MATED

MAT?=MU

MAT . .= M)

CALL MAKF (9,W71,NX, NU,

THX MY, MU MSy MATL MAT2 NAT3, MATL ,MATS METH)

CONT INUF

NC ulin T5=1,TRZSP

T=3.1%

155

0170ars%

3PITH
SPITY
SPITH
SeIvt
SPITY
SPIT1
SPITI
SPITY
SPITL
5e1T1
SPITY
SPITY
3PITY1
SPITY
SPITL
SPITY
SPITY
SPITY
SPITL
SPITL
Servt
SPITY
SPIT1
SPITH
SPIT1
SPITY
SePITH
SPIT
SPITY
SPIT1
SPIT)
SPIT1
SPITY
SPITL
SPIT1
SPITHL
SPITL
SPITH
SPITY
SPITY
SPITH
SPITYL
SPITY
SPITt
SPITY
SPITH
SPITY
SPITL
servy
3PIT1
SPITY
SPITY
SPIT1
SPIVt
SPITH
SPITH
So1T1

14415,71,



0

71

7T

RO

x
0

a0

as

160

SURFOYTING

L

-

11

-

4

e

-

w?

94

120

¥ 73/76 opPI=1

90 1 I=1.NX
ROOTH(T) =00
RONTT{T)=0,0
74Lh=1.0
VITt=7,0
WitT.1)=0,0
ueli=0,0
GONTINUF
NXY=HYCe
NUU=NUC» Y

FTN

iy 24 75060

TFEFAAM, 5T, 0) WRITE(7IPSY T ITLE,SYSTEMMONEL DIGITL, SCAPLY

NY(IZ NY oty
IF (MILTRTLZ3, 1) NYU=NY#NUC

[FIFCPM,GTa0) WRITE(PINYUS(CUTFTUTI o Im1oNY) o (INPT (L) =1, NUJ)

AEIT T (1,13 (QUIP TUID,I=1,NY D, (LINP TSIy J=1,
FORMAY (//°* TIw *LL2(2X, A10)V /7 2)
IF (MULTRT.NELCY G TO 98

CCONT INUE

CALL INPUTVIDELT,T,U,

IMY MY MU MS,MATL MAT2 ,MAT 3, MATL ,MATS,MATE)
00 31, T=1,NY

RCCTUI DY =0, 0

NC 30 Js1,NY
RONTI(II=ROOTT LIV ¢H (T, JI*RNCTF LN
CONTINUY

00 31 I=1,NY

00 31 Jz1,HNU
RCATICDI=RONTI(D #F (T, DU

CONT INUT

IF{FORM,EQ.2) GO T3 &

WRITT (3,101 TL(ROOTIUT) sI=1,NY Yy tULJY =1 sNt})
IFIFCRM, EQ. Q) GO TO 7
WRITE(TITHU(ROQTICTY » T=1,NY Y, (ULJ) ,J=1,NI)
CONT INUF

FORMAT (11F12,3)

N0 40 T=t4NX

W1l ,11=1,0

BO 40 J=tWNX
WIIT4L¥=Wi{le1)4ALT, ) *ROOTRIJ}

CONTINUT

0C wt I=1,NX

DO «1 Jzi,NU

W1CT L I=W1(T,1)+R (L, V%0

CCNT INUE

0C «2 I=1,NX

RCCTREDI=W1(I,1)

CONTINYS

T=T¢05¢ 7

IF tT.LE.FINALT) 0 TQ 290

GO T2 36

KC¥=1

1CK=2C

CCNTINUE

IfF (ICK.EQ«1) GO TD 70

CALL INPUTVINELT,T,U,
1M X, MYy MIaMS O MATL  MAT? , MATE ,MATL ,MATS {MATR )
90 75 I=14NXC

156
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0170977~

SPITL
SPITY
SPITY
SPITYL
SPITY
SPITY
$PITY
SPIT1
SPITY
SPITY
SPITL
SPITY
SPITE
SPITL
SPITY
SPITY
seivy
SPITt
SPITH
SPITY
SPITY
SPITY
SPITH
SPIT1
SPITY
SPIT1
SPIT1
SPITL
SPITY
SPITY
SPITY
SPITH
SPITL
SPITY
SPITL
SPITY
SPITY
SPITL
SPIT1
5PITH
SPITY
SPIT1
SPITL
SPITY
SPITt
SPITY
SPITH
SPITYL
SPIVY
SPITY
SPITL
SPITL
SPITY
SPITL
SPIT1
SPITY
SPITY

14.15.51,

3
T4
75
76
17
78
79
30
81
82
33
13
&s
26
ar
a8
89
S0
<4
€2

1c8
109
110
111
112
113
114
115
116
117
118
119
120

129



11s

120

140

17¢

MARAYTINE THITT

7%

31

Al

=
I

A2

1€
17

13

8t

LY

L4

ag

T3/74 neI=t FIN

VITE=RCOTRIT)
CONT INUS

fC Tt I=1,NU
Xv:1,

LR 72 J1,NY
XA=XRN (L U}
CONTINUC

7¢Iy =y

CONT TNUF

nn 74 I=1,N1
xXx=10,

NC 74 J=t,NY
XX=XXe KT (T, .0} *ROCTO( )
CONT INUS

TAIY 27T ) exx

CONT TNy

1nK=4

CCNT INUE

ft0 AN I=1,NY
Xx-3,

AN R Js { G NKC
XX=XXeH{T 4 )) *RCOTRL )

NONT INUS
PODTILTY =XY
CCNTINL

nn A2 I=1GNY
X¥z=n,

16 A% =1 ,NUC
XX=YXeF (L JI*7 (U
CONTINUF
SQCCTIIII=RCOTILIY #XX
CCONTINUE

IF (FORMLEN.?2) GO TO 16
WRITF (3,100 TL(RODTICID 4I=1,hY 14 47(J)4J=1,4NLC)
I[f (FOFPM,.EN.0) GO TD 17
WRITE (7) T, (ROOTICIN, X3l ¥, (Z2(J)4J=1,NUC)
NONTINUS

N0 RS I=14NXC

xx=0,

00 A% J={,NXC

XX= XX+ ALI,JY®RCOTRL L)
CONTINUE

Will,1h=xx

CONTINLF

DN A7 T=1.N%C

XX=0,

10 AR J=1,NUC
XX=XX+A(T, V27 ()

CONT INUF
WI{I,10=W1(T, 1) 4%X

CCNT INLE

10 39 I=1,NXC
ROOTRITIY=W1(It)

CONT INUF

T=T0ELT

KCT=KCTe

IF (T.RTLFINALTY GO TO 96

157

PR RATLT ¢

017997 7¢

ER QB
3PIT1Y
SeITt
SPITH
SPITH
SeIT1
SPITL
el
SPIT1
SPITY
seIT
SPITY
SeIvt
SPITY
sSPITL
3PITY
sSPITi
SPITY
3PITY
SeITy
3PIT1
SPITL
serTy
SPITH
sPITt
SPITH
SPIT1
SOITy
SPITH
SPITY
SP1TY
SPITY
SPITY
SPITHY
seITy
39171
SPITYL
SPITY
SPITHY
Se1T1
3PITY
SPITL
SPIVY
SPITt
SPITt
SPITt
SPITH
SPITHL
serTy
SPITH
SPIT1
3PITY
SPITY
SPITH
seITy
SPIT)
SPITH

1aa 15,51,

130
11
132
113
136
1135
11
117
128
119
140
16t
12
143
1.4
145
146
147
148
1449
150
161
1€?
13
174
1%
1€6
157
1:8
159
1¢€0
1€1
1€2
1673
1F 4
1€5
1€€
1.7
168
1€9
170
171
17?
177
174
175
176
177
178
179
180
181
18?2
113
184
185
186



149

SHE ST Ne

THL

q

—

an

92

3¢

9

130

(031

wnr

T TR 0P 11

IF (KCT,LELMULTRTY 0 TO 170

KCT =1

ex=0

IF (NYX, CT.NX) GO TO 120
00 35 [=NYX,NX

XX =1

00 A1 JNUXLNY

XYz XYe AT, J) *RPCOTRL N
CONT TN

Wi(l,t11=vX

CCONT INUT

nQ A2 I=NXX,4NX
Xx:1,

77 931 J=1NXC
AX=XANSALT 0oV LD
CONT INUT

WIC(T o 11=WLC] 41D eXX
CCNT INOE

IF (NUU.GT.NU) GO TD 130
NG 94 I=NXXGNX
Xx=n,

DC 15 JsNUU,NU
XX=XXe¢N{T, J1%7 (J)
CONTINUF

RCNTRCII =WL(T,1) ¢XX
CONT IRUF

60 Y0 t?0

NG 13t T=NXX,NX
ROOTRITII=W1lT,41)
CONTINMY

GC TG 120

Tr=-1.0

TFLFCRM GTo0) WRITFLZIT T TV Tl T TV T TV Tl TV TT.TT,TT,77,
XTT Ty TV TT IV T T4 TT,TT,TT,TY

COMNTINUF
RN

158

FTN w,?2e75000

01709/77¢

SPITH
SPITt
SPITL
SPIVL
SPITYL
31T
SeI vt
SPIn
50171
SeIm
SPITY
SPIT!
SPITY
SeITt
SPITL
sPIvy
SPITY
SPITL
3PITHY
§PITt
SPITY
SPIVY
sPIm1
SPITY
SPITL
SPITY
seivy
SPITY
SPIV1
SPITY
SPITHL
SPITYL
SPITH
SPITt
selry
SePIT1

14415451,
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1A8
149
1¢0
191
192
113
196
195
196
147
1698
199
200
201
202
203
2046
205
206
207
208
209
210
211
212
?13
214
216
216
217
218
219
220
221
222
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X3

‘0

SUNFNUYTINE SW7

5

11

36

14
=09

ie
110

kB3

-

"3

10t

T3 aPT=y FIN ».2¢75060

SUIRAYTINF SWZ (Dell. 160,

THX MY MU MS G MAT 1, MAT 2 AT MAT L, FATE ,#ATS)

LFRATFD 1-9=71 TC INCLUL? DIFFERTNTIATOR BLOCK

UBNATED 2+13-72 TO GCORRECT GAIN CCHMPUTATION WITH WOnN=q

HONATEN 4-25-71
AEMMON/CONDZREAD, SYSTEM, QUTPUTSNX NYNUSNXC,NUCIN1 N2, 0IGITL,
LCCNTUR JNUMER Gy FRIS, TRESFyMONFL yNSCALE s SAV,CMAT (N2, TFLAG,
PIAEN,CCRM, IPTREADI L MIXEN,MULTRT,SCAPLT,70H, kOUNT

INTS0SR READS SYSTFM, NUTPUT,FCRM,CCNTUR,SAV,CMAT, 65203, FRPS,TRFSP
INTFGER DIGITL,SCAPLT(70H
COMMON/ZALKNAT/NUMER JODENOM GATNGRAPH,ALOCK, STATEYTOV, 7TOU, Y2 TOK,
L TTHTRY, ITHINUyABLOCK NYTAVNZ TCUSMXYUNYZTOKGNXT JNYT (NUT¢NY 1, NI
OEAL NIMFR

INTSGER GRAPH,OLOCK,STATE,YTOV,Z2TCU, YZTOK

NIMENSION GRAPH(ZN,45) 4RLOCK(2C,3) JNUMER (20451 s CENOM (20,51,
YOATN (20) W STATE (20,640 ¢ ITHINY (301, ITHINUL2M) 4 YTCV (20420,
X TTQUIZD 42 NXYUIA) ,YZTOK(20, 2)

NIMENSTON NIPI(20,7) 4 PARAMI(20,51CARPANI20,45)

FNRMAT (T2,T3,5065,5F 10,40

an T3 I=1, NILCCK

nO 300 K=1,5

NENOMIL,X)=C,

NUMER([4K) =0,

IFCINN. TN 1. ANC.KOUNT, GT.t) GO TO 310

1F (I6C.FQ.1) GO TO 310

WEITT {?,500)

FAGMAT (715,7F1%.4)

FORMAT (/7% 8LOCK OIAGRAM INFUT PARAMETERS®//* NO. TYPT®,7X,*3O0N

LNST® 5K, *MON® ,19Y J* PARAMY /)

N0 18 J=1,N3LOCK

PEAN {1,1t) (NIPCA L) gL 2147), (CARBPIJLKD 4K=1,5)
WRITZ (1,160 (NIFUS4L) oL =1470, (CARAM LUy KD, K21,y B}
CCNT INUF

DO ¥ttt [=1.NRLOCK

D0 3L X=1,F

PARAMIT, KI=CARAM(T,K)

N 12 J=14NALOCK

SATNINIPUJ, 1)1 =PARAM( U, 1)

GRAPHINIP(Jy1),1) =NIP(J,1)

A0 13 K=1,6

GFAPH (NTPLUJu1) +K=1) =NIPLS,K)
ALOCKINIP(Jg1),41)=NTP {10

90 100 T=1,NLOCK

L=NIPII. 1)

II=NIP(] .2}

GC TO (101,102,103, 106, 105,10€,107,108,108,+108,108),1IT

auncxt L2921
aLoCcK( L+3)=1
NLMER(Ly 1121,

NEMOML Lo1¥=t,
rc 10 ton

1F INIF(T,7) . NELCY WRITS {3,169

FOuMAT (/% THIS OIGITAL DIFFERFNTIATOR IS NC GCCN®/)
ALICK (L2 V=2

HUMER(L, 1) =
NUMER (L, 2)=1,
TENOMILy10=1,

159

01709/77¢

SW?
SwW2
SWZ
SW7
SwW7
Sw?
SHZ?
SW?
SWZ
Sw?
SW2
SHZ
S WZ

S W2
SwZz
N7
Sw?
SW?
3wz
SwZ
swWZ

1L.15.59.



73

75

Ly

LY

ae

inr

10

SURFCUTI A

w7

103

1240

171

108

141
1462

11¢

T34 cpPI=1

nC 10 100

IF (NTPII,?7V.E0.1) 6O 10 120

IF (NTP(T,70,EG,2) GO TO 121
AN L P =1

ALCCK (L, X)=?

NUMERtL, 1) =1,

DENOMIL 120,

DFNOMIL, ?)=1,

GG 17 191
GATN(LY=GAINC(L)*JS*OELT
ALOCK (L, 2)=?

BLOTY L, =2

NUMEP(Ls1)=1,

NUMER (L, 2)=1.

NEROMIL, 1¥==1,

AEMOMIL, =Y,

60 170 140

IF INTP(I,7).EC.1) G0 TO 141

IF (NIPCIW7).EQ.2) GO TO 142
ALACK{L, 2) =1

ALOCK L, 30=2

NUMER (L, 101,

NEMDM L, 1)=1,
DENOMIL,P)=1 , /FARAM(T,2)

GG TC 100

PARAM(T, P21 =TANH (L S*PARAMIT, 2V %DELTY
XNU=PARAM(T,?)

RLOCKIL, 2)=?

ALOCKIL, =2

NUMER L0, 1I=XNUZ (1, #XNU)D

NUMERCL, 2)=NUMER (L, 1)
DFNOMIL 4 21=14
CENOM{Ls1 )= (XNU=1 )7 (XNU+L,.}

GO TO 190

BLOCKIL,?)=2

ALOCK L, 3)=2

IF (NIP(I,7V.EQ.1) 60O TO 151

IF (NIF(I,7).EQ.2) GO TO 152
NUMSE L, 1) =1,
NUMER(LL,2)=1,/PARAM(I, V)
NENOPRIL,1
DENOMAL, 2)=1./PARMI(T, 2}

60 TO 104
PARAM(IL2)=TANH(.5*PARAMII,2}*CELT)
PARAM{I, 3)=TANH(,5%PARAM(I, 3} *DELT)
XNU= PARAMEI,? )

YN=PARAM (T4 3)

DENDMIL, 13=LYNU=1,3 /7 IXNUSL)
OFEMOMIL,20=1,

NUMTRIL, 13 XNUP(XN=1,0)/7(XN® (XNU+1,))
AUMESIL, 21=(XNUT(XN+1, 1) 7 IXN® (XNU 1.0}
60 Y0 100

ALOCK(Ly 2)=22

RLOCKILy3)=2

TF INIPIT,7).€Q.1) GO TO 161

IF INIP(TI7).EC,2) GO YO 162

NUMER (L1020,

160

FIN L.2¢75060

01709/77¢

SWZ
Swz
SW2
114
N LE4
Swz
HL4
3W7
S W2
SwZ
SWZ
SWZ

3wz
SWz?
SHZ
SWZ
Sw?
Sw7

146¢15.59,

€9
€0
[
62
€3
ch
&5
€6
«7



140

1

TUROUTTIAC

W

tol
1R?

172

181

142

73774 [(LAES FYN ., 2¢ 15061

NUMTR L, 7h=1,

NENOMEL L1 1=PARAMIT,2)

OENOM L, 2)=1,

0 Y0 100
PARAM{T,PI=TANH(,5%PARAM (I 210 NCLTY
XN=PAYAM {142

NUMFOIL, 1)zt /1, XN}

NUME R {L,? 1 z=NUMER (L, 1)
NENIMIL L LIZEXN=-1 17 {XN#L LY
TENOMEL,2)=1,

A0 TH 190

TF ANIPL1,7).€Q.1) GO TO 178

IF (NIP(L47)V.EQ.?) GO YO 172
ALOCKLL,20=1

ALOCK Ly 3 )=

NUMFRIL, 10 =1,

NENOMALy 3)=1,/ (PARAM (I, 2)%PARAN(],3})
UEMOMILy 2} =1, /PARAMIT 21 +1./ PARAM(I,3)
NENOMIL,E D=1,

GO Yo 100
PAFAM(I,2)=TANH(,5%PARAMII2V1*CEL T}
PARAM{L, TI=TANK{.5%PARAM(T,3}BCELT)
XNU= PARAM(T, 2}

XN PARAMITL3)
GATNILIZGAIN (L P*XN*XNUZ CIXNAL, ) *{ XNU+L )Y
ALoCxdL, 21=3

ALOCK Ly 3)=3

NUMFRIL, 11=1,

NUMERC L, 7} =2,

NUMFR (L. R)=1,

DENNMIL.1 1= (L (XN=1 JI* (XNU=10)7CEXN®L,) P(MNUSL, 1)
NENOMIL, 2P={XN=1.17IXNeL P4 IXNU=L1, P/ {XNUSL )
NENOMIL, VI=1,

6C TN 100

IF INIF{T,.7).EGC.1) GO TO 1A}

TF INTPIIL7).EC.2) 6O YO 182
ALOCK(L2Y =1

ALICK (L, 31=3

HUMER (L, 1)=1,
NENOFELy 3I=1 o 7 (PARAMII 4 2)°%%2)
DENOM(L.2)172."PARAMIT3)/7PARANM (I, 2)
TENOMLIL, 1) =1,

ne TG 109

ALF A=-PARAM(T,2)* PARAMIT. )
ACTA=SCRT(PARAN(T,>) *»22-ALFAW®2)
A=ALFA®NFLY

A=A TASN LY
L={sXP(A)*COSIB) +1.) **2¢SIN(AI*P22EXP(2,%R)
Uz (XP {2, *a) -1.)/D
V=2 P STNIAY®EXP(AYNZY

M=TORT U2 eVee2)

OHTRAzPAPAM (L, 2)

TETA=PARAMIL,3)

PARAMI T, ?) =W

CARANLL, 3 b==li/W

ALOGK (L, 20 =3

TLACK L, =%

161

217319775

SH?
G’
347
SH7
I W2
W7
S W7
7
SWT
W7
I W2
Sw?7
3 W7
SHZ
SH7
3 wW?
SW?
SeWz

Swi?
SwW?

tu.15.53,

116
117
118
119
123
121

122
123
124
125
126
127

128
129
130
121
13?2
11t
174
135
136
117
138
139
1u0
161
142
143
164
145
146
147
148
L]

181
162
1¢13
184
176
16
1°7
1°8
189
1€
1€1
182
1€3
1€0
15
166
1¢7
178
179
170
171
i72



17%

140

148

10

200

205

210

21%

2210

22s

ILREDNTINE SH?

103

223

223

110

>3

112

73]
240

241

L7

7643

73774 aPT=t

XN=PARAM(T, 2 )

FIN &, 2475060

01/709/7¢

3W7

DENNMIL, 10212 *PARAMEL . 3P *XNEXN®2) /(1. ¢2, *PARAMIT I I*XNEXN®®2) SHZ
TJENOM{L2)I=?7  # (XN®* 2] L ) /711 . ¢2,.*PARANM(T, 31 * XN+ XN®*2)

DENOM(L, )=,

GAINAL I =GAINCLISXNS#2/7 ¢ 1,42, *FARAPLI,JI*YN4XN**2)

IF (RIP{T,7Y.NELOY GO TO 110
II=NIP(1,2)=7

G0 TQ (100,2714222,223),11

AOCKIL. )=

NUMEQ (L, 3)=1./PARAM( T, 4} **2

NUMER (L 4 Z)=2 " PARAM (TS }H/PARAM (T, 4)
NUMERILs 1021,

60 T2 1ng

PLOCK (L, 2)=2

NUMER(L, 2)=1,/7FARAMI T, 4)

NUMERIL, 1)=1,

GC TO 1006

ALACKIL, 2252

NUMECLL,11=D,

NUMF 2 (Ly20=1,

“0 T 100

II=NIF(I2)-"

6N T4 1230,732,231,2300, 11

IF (RIF(T,71.EC.2Y GO TO 230
PAPAM(T,LI=TANH(, S*PARANITIW4I*CELT)
GC YC 230

IF (NTFUTL7Y.FCe?) GN TO 230
ALFAz=-FARAM(I,u)* PARAMCTI,5)
AETA-SQRT(PARAMII &} **2-4LFA**2)
AzALFARDELT

A=ar Ta*9ELY

Nz AT XP(AISCOSIR) 41,} *S2+SIN(RI*425EXP(2.%0)
U=(FXP (2, %A} -1.3/70
V=2 ,*SIN{RI*EXP (L }/D
W=3NET{UP2 ey ®D)

CARAME T L)=W

PARAMI(T, 3¥==U/M

GO TN (200,2414262,243),11
NUMER (L LI=1,

NUMTR{L,2)=2,

NUMFRILy 3131,

GO Yo 100

YN=PAGAM( T, 41}

NUMER (L2132 #(YN®P2-1 . 1 /(1. 42.%PARAPLIS) P YNCYN*2)
NUMER (L, 112 {1,-2,*PARAM(I,S)*YRSYR¥32)/ (1,42, *FARAMIT5)CYNSYN®22} SWZ

NUME L (L, 31=1,

CATM AL D= GAIN(LI* (1, ¢2,*PARAMIT 5)*YNs NS *2 ) /YNYS2

GC 10 100

YN=PARAM (T, 4)

NUMEZ (L, 112 (YN=-1.)/7(YN+1,)
NUMES (L, ?)=2 ,*YN/LYN+L )
NUME 2L, 3) =1,
CAIN(LI=GAINILI* (1,¢YNI/YN
6C TO 13

NUMER (L, 1)==1,
NUMER{L,2)=0.
NUMES L, S)=1.

162

Sw?
SWZ
sSw2
Su?
3WZ
S Wz
SW?
SWZ
SW?
FLE4
S Wl
swz
SuHz7
SwZ
SWZ
SWZ
swz
3HZ
SWZ
Swz
SW7
SHZ
S WZ
SHZ
SH7
SwW2
SW”?
S WZ
SwZ
SH2Z
S W
Sw2
SW7
3W7
Sw?
S Wz
3¥2
SHZ
SWZ
SH2

SWZ

SWZ
SwZ
SH7
SN2

14, 15,54,

173
174
17%
176
177
178
179
180
181

122
18%
186
185
176
187
188
t%9
1¢0
191
1¢2
193
194
19%
196
197
198
1¢9
00
2t
222
203
206
205
206
2T
208
269
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228

229



TUNENDTING a7 73774 cer=1 FIN <. 7+7506L 901/77977% 1w.3f,79,

IF (NIP(1.7).€Q,2) GN TO 11¢C Sw7? 2
GAIN(LI=GAIN(LI®(1, 02, %PARAMIT,, 3)*XNEXNT ¥ 2) /XN SHZ 231
GAINCLY=GAINILI® (1, +NENCHIL 1) +0DEROMIL,2)) SWZ 22
L7€2.*NFLTY SW7 233
137 CONTINLE SwW? 2734
RETURN SwZ 238
FND SHZ 2%

o
ot o

Ny

163



10

FUNCTION TANG

14
’2n

377 CPT=1

FUNCTION TANG (A)Y

COMPL=-X A,C

SOQUIVALENCF (C,B (1))

AT HSTON 3¢2)

C=4

PHI=ATAN? (1021 ,AC1)D*57,3
IF (21 GT,0,0,0NN, BEE)LT,0.0) CO TO 10
TANG=PHT

GO 1o 2N

TANG=PH] -28],

QETUIN

TNN

164

FTIN «, 2475060

017097 7¢

TANG
I ANG
TANG
T ANG
[ ANG
TANG
T ANG
T ANG
TANG
T ANG
TANG
TANG

16,19, 0F,

-
CSO® NPV E W

11
12
113
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20

SUBPOUTINF WDISC T3/74 0P T=1

iz Ne kel

agn

SURROUTINE WDISC (A D CoH oGy F KL K2 4 K3 ,Kils 40y

LHN MY gMUMS  MAT L MAT 2, MAT 3, MAT UL, MATS, HATK)

FIN &4, 2¢75,60

THIS SURROUTINE WRITES ALL INPUT MATRICES CN DISCS ACCRRUDINA
T9 THE PARAMETCERS,SYTTFM ANC OLYPUT, USING SURARQUTINE WOISCHQ

CCMMCN/COND/READ, SYSTEM ;QUTPUT G NX JNY WU NXCoNUC N1 N2, CIGITL,
TCCHTUR NUMF RSy FRFS, TRESP,MNOS Ly NSCALS, SAV,CMAT yNK2,1FL G,
21GO, FORMLIPT,READ I, MTIXFD ,MULTRT , SCAFLT,Z0H,KQUAT

INTEGIR READ,SYSTEM,NUTPUTFORN,CONTUR 4SAV,CHAT,READNZ, FPPT, TR=SP

INTEGER OIGITL,SCA®LT,70H

DIMENSTION A LMY MYX) FIMX GMUY yCIMX o MY ) oM (MY g MXY o CIMY (MY ) 4 F (MY, MUY,
IXL (MU MK ) o2 (MUGMX) G K3 (MUpMX T oMb (MU,MX D, DIMU,MUD

REAL K1,K2,X%, K4
CCMMON/SUBWRI Y/ [SU3NAY
IFCISUANAM, GE 42 WRITE (3,990}
FORYAT (L X, *WOTISC*)
MAT{=MY
MAT 2= MX
CALL WDTSCL (A,NX4NX,
LMK, MY g MU MS  MATL HAT2 , MATI, MATU, MATS, MAT 6D
MAT2=MU
CALL MCISCL (B4NX,NU,
LMX e NY (MU, MG, HATY (MAT? , MATI G MATL ¢ MATS , MATE)
MAT?2=MX
CALL WOISCL (C4NX,NX,
1MX MY MU G MS,MATL \MATZ (MATI, MATL, MATS, MATE)
MATL=MU
CALL WOTSCL (K1 NU,NX,
IMX MYy MU MS, MATE, MAT 2, MATI, MATL, HATS ,MATE)
CALL WDISCL (K2,NUsNX,
EMX MY MU MS  MATL MAT2 s MAT3 HATL (PATS, NATS)
CALL WDISCY1 (KI,NUsNX,
LMY MYy PUSMS MATL (HAT2,MATI MATL,MHATS ,HATE)
CALL WOLISCHL (K& yNU,NX,
THY YY MU, PSSy MATL ,MAT2, MAT 3, MATUL MATS,MATS)
MAT | =My
CALL MOISC1 {(H.NY,NX,
LMX, MYy MU, MSy MATL MAT2 MATI  MATL MATS,MATS)
CALL WNISCL (G4NY,NX,
IMX MY MU, MS, MATL MAT? ,MAT3, MATL, MAT S, MATR)
MAT 2 =My
CALL WOISC1 (F,NY,NU.
LHX g MY y MUGMS MATL NATZ g MATI . MA T4y PATS ,MATEY
MATL=MY
CALL WOISCL (O.NUWNU,
LMY MY MU S MS G MAT L ¢MAT2 4 MATE, MATL, HATS, MATG)
REWIND 8
PETIRN
IND

165

01703774

W3ISC
40150
¥IISC
WITSC
wALse
WOISC
woIsre
LRI
WOISC
WOISC
401SC
W0l 3C
W3isC
LR B Sal
WOLSh
431IsC
WNIsn
LIS 41
oISt
WDISC
401ISC
W0DISC
W0ISC
WD ISC
43187
MNISe
d01ISC
L g
MDISC
401ISC
MDISC
WN1IsC
d0ISC
W0OISC
WNISC
40150
MnIsC
L) v
H0ISC
OIS
enIse
¥nIse
wOISC
O ISC
4Nt <C
WNISC
anIsn
WNI <0
WNISC
47Isc

14a19.57,

o
OD® N NF AN

50



SLERGUTINE ADTILOY 73/7% cPT=1 FIN ..2+72006¢ 01/799/72  1-.18.11,

SLHARCUYINE WNISC1 (A N¢M, WoIsct 2

IMX MY MY  MSyMATY (MAT? (AT, A T0, MATS, HATH) 4DISC1 b

DIMANSION A(MAT1,4AT2) WJ2ISCH “

CCMMON/SURMRIT/ TSHAKAM HOISCY 5

5 IF(ISUNNAM,GE,. 2} WRITE (3,990) #0ISC1t 6
430 FOPMAT(1X,*WDISC1®) 40ISCt 7

0C 10 I=1,N WDISCt L]

WRITE (B} {ALT,J),)=t4M) 4nISCt 9

1 CONTINUE WOISC1 i

10 RETURN MDISC1H 11
END WoIsSCt 12

166



0

SUBRPAYTINE 79T

OO0

T3/ cPT=1

SURRAOUTINE 70T (0eByCoHyGoF ¢ K1aK24K3Klyly
1MY MY (MU HS G MATL JMATZ (MATI MATL, FATS,MATE)

FIN «. 2425060

COMMCN /COND/ZREAD, SYSTEM,AUTPUT, NXyNVy Uy NXCyNUCSNIyN2»GIGITL
1CCNTUR, NUMF RS, FRPS, TRESF yMODFL 4NSCALF ¢ SAV,CHAT (KKZ2,IFLAG,
PLGEFOPHMIPT READI M IXED MULTRT (,SCACLY ,Z0OH 4 KCUNT

INTEGER (IGITL,SCAPLT,ZOH

INTEGFR READ,SYSTEM,OUTPUT, Fr&eM TCNTUR SAV 4CMA T ,RFAN3, FRP{,TRF32

REAL K14K24K34Kb

NIMENSTION A UMYX GHXY o B IMY (MUY qCUFX,FX) b (HY g M) CLFY M) F (MY ,MUD,
L MU MY ) K2 (ML MY (KT (MU, Y KL MUy MX ), O MU, MUY

THIS SURRODUTING INITIALI?ES THE SYSTEM WATRICES TC 26R0

USING 70TH

COMMON/SUBNRIT/ TSUINAM
IFITSUANAM,GEL2) WRITE(3,990)
FORMAT (1X4*70T*)
MATY=MX
MAT2:=MX
CALL 7CT1 (A, MY, M,
TMN, MY MU MS Gy MATL MAT?y MATS MATL ,MATS HATED
CALL 7CTL (N, PX4MX,
LMY MY MU, MS  MATL ,MAT2 , MHATIy MATY, MATE MATE)
MATL=MY
CALL ZCTL (H MY ,MX,
IMX MY MU, MG MATL, HAT2, MAT3, MATL,MATGMATE)
CALL 2CT1 (G MY, MX,
THX MY o MU MS MATL  MAT 2, MAT3, MATL MATS,MATA)
MAT2=m1)
CALL 7CT! (F MY MU,
LMY MY , MU, MS,MATY JMAT2 s MATS (MATL NATS ,HATED
MAT1=MX
CALL ZCT1 (9, MX,MU,
LMY MY MU s MS ¢MATL JMAT2 , MATS, MATY , MATS, MATE)
MATL=MU
MAT? = MX
CALL Z0T1 {X1,MU,MX,
UM MY, MU HS o HATL, MAT 2, MATI, MATL ,MATS5 M ATE)
CALL 20T (KZyMU,MX,
IMY MY MU MS  MATL MAT2, MATI  MATL,METE , MATE)
CALL 70T1 (K3,MU,MX,
TMX MY MUMS,MATL ¢MAT 2, MAT 3, MAT 4, MATS,MATH)
CALL 7CT1 (Kb o MU, MX,
1M X, MY, M, MS o MATY JHAT2 yMATI (NATY yMATS ,MATH)
MAT 2=My
CALL 70T1 (N MU, MU,
LM MY M) g MS MATE ¢ MAT2 y MATS (MA T (MATS ,MATH)
RETUN
~ND

167

017 3377¢

7ot
’nT
ny
707
Fr
ror
rav
rot
rov
rar
nT
zar
rnT
zov
707
ror
Far
raT
77
[4a2)
rorvy
737
7or
rarv
zav
zot
rorv
737
rnrv
Ior
0T
ror
rorv
707
rov
o7
z07
zov
rov
rov
QT
zot
zov
rov
rov
rov
rov
zoT
107
7av
7orv

1us 19,13,

WoeNP AL W™



CURRANTIAE 20T

EX D]

73/74  1PT=zy

SUIRIUTINE 70T1 {A,NeM,

TR MY, MUGHMS, MAT L MAT2, MAT I, HAT L, HATS \MATE)
NDIMENSION A(MATL MAT2)
COMMON/SUBNP IT /7 [SUANAM
TFEISUMNAM, A 2) WRITE (3,390
FORMAT(1X,*70T1%)

0 10 I=1,N
70 10 J=14M
LR NI ]
LCONT INULE
RETURN

ENP

168

FIN <. 275060

01709774

rovi
7074
ToTy
0T
rovt
70T
20Ty
1071
raory
7071
zor1
7071

14, 19,18,

ORI,
ANVH DOBAPVF WA



39

Lo

el el

ZTOHW

330

10

12

11

-

14

7374 cPT=y FIN w, 7440328

SUCCAUTINE 7TCW (NeNNyCZ,1,JJsRO0TR,RCCTTLROTR,ROTI,LLY,OFE,

LHMX MY, MU G MG MATY MAT? MATIMATL MATS,MATH)

THIS SUARQGUTINY CONVERTS Z-FLANE TRAANSFER FUNCTIONS T0
W-PLANE TRANSFER FUNCTINNS

OIMZNSION ROOTRIMXE, ROOTI(MXY 4PCTRIMX) ,ROTI(MX)
COMMANZTHBWRT T/ TSI INAM
TFLISUPNAMLGE 421 WRITE (3,990}
FORMAT (1X,*2TOK*)

Le=2

K=1

IF (1.GT . 1.0RP.JJeGT41} GO TO 1
OEe=t.0

L=y

IF (ANS((RODTRIXKY-1,) +RNOTIIKY 1.67.104%% (-€)}) G Y0 10
LisLi+t

neg=nces2,

RPOOTRIX)=0,0

ROOTI(xy=0.0

K=K+

GO To 1t

IF (RNCTIA(K) JNELD.0) GO TO 12
NEE=DEF/ {1, ¢PCCTRIX))

RODTRIK) ==-(1,-ROOTR(KIV/ (1. ¢RC(TR{K))
K=K3)

60 10 11

4=RQQTRI{K)I**2

A=ROQTI(K)**2

1.RNOTR(K ) Y *"2

NEE=NEE/ (GeBY

ROOTRIK)I =(A+A=1,1/(G+B)
2Q0TRIK+1)=RIDTR(K)
RCOTI(KI= {2, *RCOTI(KI}/{GeR)

ROOT [{K¢ 1) ==ROOTI(K)

KK ¢2

IF (K.LE.NN} GC TO 2

RETURN

DE=QF*CFE

NSAY=0

IF (AAS{(ROTP{MI+1,)+ROTI(KID LT.10.%%¢(=-6)) GC TC 18
IF {AASCIRNTRIK)I-1, ) +ROTI(K)II,GT, 10.%%(=€6)) GO T2 1¢
NE=0E®2,

L2=L2+1

ROTRI(KI=C,

207TI(K)I=0,

K=Kl

GO TO 15

CE=goe?.

2CTR(K)=-1000.

ROTT(KY=0,

LEL E B Y

NSAV=NSAVel

fC 10 1%

[F (ROTI(K)I,NELO.) GO YO 16
DE=NE® (1. +ROTRIKY )
ROTRUIKI=={1,~ROTRIX} I/ (1, ¢RPOTRIK})

1€9

G1/739rs7~

7T0W
770uW
70w
ITOM
7T0w
TTON
TTOW
7T0M
TTOW
270w
7 TOM
1TOW
T TOW
7T0W
7 T0W
ZTou
7TOm
770
riow
2T0W
TTOW
ITOm
7170w
rTTON
770W
V0w
7T0uW
TTOW
FTOM
7Y0W
AN
7TOM
ZTOM
7TOM
ITOW
7T0W
210W
7 TOM
Z2T0m
7T0HW
rTOW
ITOW
Z2TOM
7TOM
TTOW
ZTOW
710w
ZTTOM
TT10wW
70w
7T0W
710w
TTOM
7T0W
2TOW
I Y0W
TT0W

172401,



£S5

70

75

L1

-]

an

SUREJUTING

710w

21

2?
20

73/74 aPV =1 FTN «,

K=Kel

60 TO 1%
AzPOTR(K) *?

P=RATI (K}*%2
G={1.¢ROTR(K) D ®®2
DE=NE*(G+B)
RCTRIK)I=(A+A=1,}/(5e)
RNTREX+1 ) =RNTR{KY
ROTTIK)I= (2, *ROTII(KIY /1GeT)
ROTT{K+13==ROTI {X)
KzKs ?

{F (K.LE.N) GO TO 13
LMN=NN=N

NE=NE¥ (=1} S2LMN
T1=1

N0 20 I=t.N

IF (ROTRC(ITI.NE.~-1000.) 6O TO 22
=11

BN 21 L=%N
ROTRALISROTRIL +1)
ROTIMLI=ROTI(L*E)Y
CONTINUF

GC Ta 20

II=11+1t

CONTINUE

NN =N3AY

IF (N.FQ.NNIRETURN
Ni=N¢1

N=NN-NSAV

IF (M LESNLDIRETURN
N0 17 I=Ni4N
F0TRITI=1.3
RCTI{II=0,

CCONTINUE

PETUPN

ZNP

170

#7505C

01709/70

TTOM
ZTON
ITOM
ZTOW
TTOwW
110w
770w
IT0W
ZTOW
270w
ITOW
1 TaW
TT0M
L TOW
ZT0M
ZTON
TYOM
770w
TTOW
LYOW
770w
TT0W
ZTOW
rTOM
TT0M
7TOM
ZT0W
ITOM
LTOwW
TToM™
TTOM
ITow
ZTOM
TTOW
ITOowW
ZTOM

1he?P?el41,

£9
&0
B1
€2
k3
(X
£5
€6
€7
€8
€9
70
71
T2
73
Th
75
14,3
77
78
73
30
1
a2
A3
Ay
RS
a6
87
L1
“9
19
“1

o2
<y
Sy
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SUNENT A

o nea

T3/ oPT=1 FTN <. 247506C 1/73977¢

SURPNUTINF COPO

(e tcavartacmcacmacnresmeeesa- e e ccm—adcae e amss et e m e e, .-

reesssenrey SUARCUTINE C O @ 0 PLCTS DATA GENERATFDY Oy THE C O N

ERNGRAM, THE FOLLAWING TYPES OF PLOTS AR: AvVATLARLE,
1, TINE HISTORY
2. TIM: HISTORY WITH CSTAR ENVELLFS
3, FPEAULNCY RESPCONSE
4, PONTR SPECTRAL NINSITY
T, RNATY LOCUS
6, 7=-PLANS ROCT LCCUS
7. RAOT CCNTOLR

THE PAXIMUM NUMBZR OF FOINTS FOR ANY ONf PLOT IS 998. TH
MAX TMUM NUMEZR OF TIME ¢ISTORY PLOTS IS 2¢. AN AUTOMATIC
PLDT RENUEST IS GENFRATED AT THE ENC CF TH . U408

[ T T T B L L R P R e T R R T R

O

EXTERNAL CSTAR
DOURLE PRECISICN SNAME
COMMCN/CSTARG/CTHML O TMU L CENVL 4CENVUZCSTARP/ZFTML,, FTMU, FEMVL, PENVU

ARRAYS IN FOLLOWING DTMENSION STATEMENT DEFINE THE PNAER AND CUPVCD
ARPGNACH CSTAR CPTION ENVELOPES FOR TIME HISTORY PLOTS.

DTMINSION CTMLI20),CTMUL20) JCENVL (20} 4CENVUL20),
X BYML (12 1,PTHMUL23) , PENVL {12),PENVUIL23)
REAL UNCLE(1024),vP(1000) THM,FR,VP2(1000),
XATG(10)4YLOG (449) 4LOG{3) yNOTAPTITLE (B} COMMENT (12D,
X PS+RL,TIME(1000),V(25),510(1000},S20(1000}
INTEGER ORDSER(10),LNW,HIGH, LOWY JHIGHY
INTSGER YER
INTEGER TWO,FCULR. SYSTEM
CQUIVALENCE (FREQ,IFRE)
TATERER REMUS,TITLE (B) (LAB(4) ENE JNAME (250, ENV ,CSCRUV, CSPOA
CATA ORNEC/14+0,215:10014412,2143,7/,
XCSCRUV/1NMCSTARC /s
XCSEIAZ10HCSTARP ’
DATA THO/2/,FOUR/L/ZREMUS/1024L/,
X®C/1QHROCO I
XFR/LOHFR™O /y
¥PS/10OHSPEC /4
¥ TM/EGHTIME I
XRL/1CH20LO /s
XNCPLCTS/8/,NOTAZ10HNOT APP /4
XPYITLE /" s wssns  PLEA™,SE RFADJUS™,™F FEN EVER™.
XY FIVE TO “,"TEN OLOT P ™AGES esssx,ms v/
'CCH”:N"" S8 u'- P L E A S""‘ E U S E ""' LR LR A
X * P ER","FORAT“™ED P AT ER®" °

L}
X .- - “,

X BIG/2% 1B3¢P?544200s18402044185.25,,18,4,207,
YLOG/Ze1139,41761442304y02788,43617,.3973,.431¢,
462l s E1BE, (CLb1,,568R2,,5911,4,%3135,. €512,
672140690254 7243407404 ,049D04 407993448129,
0enlane®B30,, 8751400000 40%191,,929,304,0.,
86854 .9772+0409Ce/0
LCG/a3010 400771 ,46021,4699D0,477082,,8651,,5071,.9542y1.7/,

X
x
X
X
X
x

171

S0PD
pRLL
coen
30RO
copn
copa
coeq
coen
> o0en
coro
s0PQ
cnro
coen
snpPo
caro
30PD
coeqQ
sapPo
3 apo
soP0
rcPo
L]
zara
caro
soPo
7 0PQ
copo
L
sopn
¢oro
soPo
¢ oPD
c0P0
saeq
coPo
s 0PO
toPo
coPo
3 0P0
coeo
soP0
> 0P0
toro
sora
L)
soP0
caro
copa
s aPa
20P0O
zoP0
zoeP0
5 0pP0
z0P0
corn
caoero
cnpo

16,272,067,



SUFLAUTIRE €Oy TX 74 oPI=1 FIN &.2¢750860

[4Y

“n

ar

9%

100

112

XLARTL/10H HAG=NG /ZLARFL1/tOFPHI-NEG /o LABEL2/10M

o STT UP ALOT FACTORS AND PSAD NATA FOR AUTO PLOT RENUE ST

HALF=7,/7,54
CHMz 11, #2548
CALL 2LNTS [UNCLTyPEMYS,H)
CALL FACTOR (1,)
o REAN(1 ,506)SNANE SUTTASK
READ (1,704} TVSN,SNAME,SUATASK
r 306 FORMAT [15X,2810,SX,14)
306 FCRMAT (Thy11X,2810,5%,14)
WRIT (1,40m)
E15 FOF“AT ("1%,10X," PLOTTING HAS REGUN™)

DATA 567 * CONTAINS PLOT DATA WRITTEN BY C O N T RO L

RECORN ONZ  NPLOT=ND, OF PLOTS

F R I

TITLE=80 CHARACTER R OT TITLE
SYSTFM=X IMPLIES ROOT LOCUS
MCDEL=NQT USED

SCAPLT=NCT USED

R R

YEP=0
KLP =g
NCKP =9
NOKB=(
NNKP =0
4041 CONTINUE
NCKP=NOKP ¢f
1F t(YF2,NE.1),AND. (NOKP.ED.21) GC TO 99
IF (NOXP,EN.2Y REWINN 9
IF (NOK?,EG,?} GO TN 113
IF(NCK®, EQ.3) CD TO 99
PEWIND 7
114 LONTINUS
[YULER]
SN TFANCOJNEL0)Y GC TO 18
IF (NOXP ,NE,2) GO TO 1115
®TAN(3) NPLOT
IF (“1F{91.NELQ) 6D TO 99
IF (RGKP.FQ,2) GO TO 11w
111 CONTINUE
PEAN(ZINFLAT
LF (ZOF(7) (NE, 1) GO TO AD61
114 CONTINUE
[F (NOKP,FQ,2) NCKP=}
TF {MOKP,EQ, 2) NNKP=KLP
IfF (KOKP.EQ.1) KLP=XLP+1
15 NCC=NCO#L
IF(NCO(ENLNPLOTY NCO=0Q
TF (NCKP,NE.2) GO TO 111

ous TO

PROGRAN

1016=1 IKNNICATES Z-PLARS ROCT LOCUS

RFAD (3) TYPF TITLE,SYSTEM,MODELL,IDIG,SCAPLT

IF (FCFU9).MELO) GO TO 99
IF (NOXKP,FQ.2) GO TO 116

172

4

FQR TACH CASF RUN IN THF CONTRCL PROGRAM THE FOLLOWING IS WFITTEN O

RECORS TWO TYPCsTYPE OF PLOT (MUCST BE TIME,FREN,SPCC,ROL

01/709/7¢

CnPa
caoero
> 0PQ
corPo
30°P0
3 0PO
coen
30P0
copro
coro
Z0PO
COPO
3 0PO
CoPO
s 0PO
coro
copn
s0P0
corn
Z0P0O
Z0PO
coPa
CoPO
COoPO
caoro
corPo
SoPO
CoPO
C 0PO
coPO
S 0PO
coPO
s oPo
coeo
coPo
corO
copPo
2 0PO
coPO
coPO
S 0PO
SoPO
Z0PO
carQ
coro
caPo
S0PO
s oPo
coee
s0P0
loPO
coPo
so0PQ
COoPO
corPo
targ
CaPa

1L,22. 47,

59
€0
fi
£2
€3
i
£
6
&7
8
t9
70
71
72
i3
L)
‘5
76
7
78
79
20
1
2
63
L1
as
&6
A7
3]
Rg
an
51
52
€3
Sh
G5
6
97
<8
a9
170
101
1°2
103
104
105
106
107
108
109
11¢
111
112
113
114
118



1en

135

1740

150

170

TUPRIYT TR

raen

111

11F

93¢

1

<99

N
e

"vssssssrsvesONesy TIME HISTQORY PLOT SECTIQON *®8sssssssssvvanss

L
r
.
3
feeen
10
<
o
c
C
C
2%
a
c
"

TG cP Ty FIN . 2% 25N0K0

DEAD (THTIYPT  TITUE,3YST M MONTL, ICTR,SCAPLT
IF (20F(?) ,NE, O3 510 12 9)
TFLITYPE (EN, L), ANY, (1D1G.S0, 1)) WRITEII) NPLOT

017093/7¢

I nea
cnePo
bLLD]

TEQOIYP (BN OL) JAND . (INT1G.TA, 101 WEITE(9) TYPE(TITLS,SYSTEM,MOOZL, 20PO

1I0T54SEAPLT
CONT TNUF

20PO
30P0

TFUITYEE (€D TMI,0R, (TYEELEQ,FR),CR, ITYPE,FN,PS),OR, (TYPE,7Q.RLYI.OK CCPO

¥, (TYEC ,FQ.2CHY) GC TY 1
WRIT- (3,909)

CoPO
ZofP0

FORMAT (10X ,*TYPE FICLL NOFS NOT CONTAIN VALID 0PTIAN--WILL CONTIN COPO

XUF STAOCHING FCR RFCORC WITH VALTC TYPE FIELD™)
HC TC 399

CONT INLF

TFCINCO. SN, 0),0R, (NCOLEOQ, 1)) WRFITEC3,6C0V TITLE
FCRMAT {/5X,%210)

TS YHIS A YIM. FKFISTORY PLOT?
TFITYRF NELTNY GC 13D 2

READ(TINYUL LHANE (J) =1, NYU)
M=t
READUTITINE (M), {VIK) ,K=1,HYU
IF(TIMECMILLT.04) 6O TO 3

NaTa SET 5 [S 4 TEMPORASRY TIME HISTQRY 0ATA STCRAGE

WEIT T (5) {VIK) K= ,NYY)
LELER

L0 TC

MzMa

REWIMD €

CALL SCALE (TIME.B.34M.1)
TCH=TIME (Me?)

N 37 KK=1,NYU

ENV="

N0 10 KC=1,M

READ(SY (VIK) K31,NYUS)
VF(KC) =V (KK)

CHMERK FOR A CSTAR TYPE TIME HISTORY

[FCONAME (KK) . NELCSCRUVD . ANT. (NAME(KK) JMELCSFORY) ENV=L

TFISNV.EQ.1) GG TO 9

[F CSTAR OPTION, NORMALIZF DAYA BY OIVINING BY LAST DATA vALUZ.

00 25 KC=1,M
VPIKCI=VPIKC )/ YP (N}

SEMIND S

TFIMND KK 44} o NEQ1) GO TO 31
IF(KK.EN, 1) GO TO 32

SPACS TO NEXT PLOY PAGE
CALL PLOT(2R.4950%CM,-2,%CH,=-1}

173

CoroO
bR Ll]
capo
S 0PQ
coPO
jelielods]
targ
Z0P0
corfo
ZoPo
2 0PQ
CoPO
SoPo
2000
coPn
coPo
coPo
s 0PQ
coPo
s 0PO
S 0P0
oo Los ]
Coro
Cara

ceememasecaccse== 3Q0P0

nNo LNOP 30 WILL PLOT NYU TIMF HISTORY PLOTS-e--ce----

coPO
>0PO
S opPn
cara
MOLL
3 0P0
coPo
Z0PQ
coPO
CorO
coro
corPa
> 0P0
copPo
3P0
30°P0
CoPo
s0P0
SoPO
coPo
coPo
coPo

L1he 2?2067,

115
117
114
119
120
1721
122
127
126
125
126
127
128
129
130
121
122
123
1 %%
118
128
137
13A
139
1410
141
146?
143
fut
145
146
147
148
149
1¢0
171
1¢2
153
154
1¢8
156
157
158
19
1€0
1¢1
1€2
163
164
1€5
1¢6
1€7
1¢8
1€9
170

172



SUBRINTINT CIPY T3/ T CcCPT=1 FIN <. 2¢7506C 01709776 14.22.47,

32 CALL PLOT (2,%CM,2,*CM,~1) 2 0P0 173

CALL FACTORIHALF) capPo 174

CALL AY90 (04 906" "TIME HISTORY-=-SECONDS™ =22 4845404+ TIM™ (M4}, 30PD 178

17, xTCMy Z0PO 17¢
CALL FACTOR(1,) S0P0 1?27

TRIKK,ZN. 1) TIPS (Me2 1z TIME(M21%Y,27 coro 178

Yo0=-210, s oPQ 179

YA=14, coro 180

180 CALL SYY0L (o 5*CMy23.2%CHMyo?0%CM TITLELD.480) s0Pa 181
GO TN 32 3 0P0 1A2

I YNz -, corPo 123

¥YD=YNeh, sapg 184

33 CALL PLOT (N.,YNYCM, -3} CorO 185

186 CALL SCALE (VP,2.5:M,1) coPO 186
n CorPO 147

. IF {Ny NOT TNUAL TO ONE, GENERATE APPROFRIATE CSTAR ENVELOPE corg 168

S s oPC 189

IFENV.SN.1) GO TO 29 caro 1930

199 IFUONAME (KK) L ECe CSORUVIGANN, (VF{M42),LT,.8)) VP(MA2) 2,8 soPn 151
IF{INAME (KK) EQ.CSPOAN AND. (VP (M4 2).LTa1.)) VP I(Me2)=1, Z QPO 192

29 CCHTINUT ZoPQ 193

CALL FACTOR{HALF) z0P) 194

CALL 4X90 [04+sCusNAMF (KK 410+245+C0,,VP{MI1),VPIN421) 2 0PO 195

19¢ VPIMe? ) yR{Me2) %1 ,27 coPo 16
CALL FACTOR({1,) 20P0 197

c 2 0P0 199

r IF SNV NOT £0UAL TO ONE, GENFRATE APPROPRIATE CSTAR ENVELOPE corg 1499

¢ NP0 200

200 IF(TAV.F2.,1} GD YO 2¢ coPQ 201
TF(NAMP (KK} NEJCSCRUV) GO TO 28 torPa 202

CTMLIPCY =TIMC (M2 Zoro 203

CENVLI13)=VP (He1) corPO 206

CENVL(20) 2VP (M¢2) > 0PO 208

20t GALL LINE (CTML,CENVL ,18,1,0,0) coro 206
CrHuL20y =CTHL(2D) coePd 207

CENVULEIY =CENVL (1D 3 0P0 208
CENVIIE203¥=CENYL(20) COPO 209

CALL LTINS (CTMU,CENYU,18,1,0,0) S0P0 210

210 6C TC 26 S 0PO 211
2R OPTML(L2Y=TINT (Fe2) copo 212

PENVLI 1} =VP(Me1} cofro 213

FENVLI{12)=VP (M) coro 216

CALL LINIHPTML,PENVL,10,1¢0,0) corn 21%

21f PTIMUC2 ) =PTHL {12} CoFPD 216
PENVUI22 P =PENVL (11D CoPD 217
PENYLI?Y)I=PFNVYLI12) S 0PO 218

CALL LINT (PTMU,PENVUs2141,0,0) coro 2189

2& CONTINUC 30PO 220

220 CALL LINF (TIME,VP.M,1,0,0} sopn 22y
5 corPo 222

NOFLOTS KcEPS TRACK OF NUMBSR CF PLOTS JoP0 223

NCPLCT S=NOPLOT S+t € OoPO 224

WRITE(3,502) NAVE (KK) copPo 22%

225 N2 FORMAT (10X,A10," TIME HISTORY PLOT COMPLETED™) corO 226
97 CCNTINUE COoPD 22?7

T R RLER R L T END OF DC LCOP 90 e-wec=cesescccscracmcean~aa  OQPO 228

. COoPD 229

174



RN TIA T aPe 73774 0P r=t FTN Lo T 075300 GL70977¢ 1Le 72407,

SPACT TO NEXT PLOT PAGE S AaPQ 210

L CALL PLNT (24,4950%CH,YO*CM, =3) coPo 2M
GO Y 3aa cePn 212

r T 0Po 733

" 1S THIS A FOFQUENCY RFSPONSE FLCT? (v ¢} 23

? TE(TYPF.NE,FR)Y GO YO S 2op0 216

Sy C roPQ 236

[ e cemmmmmm—ee e R L L LT TR PP P s 0Po 237
revses FRENYINCY RESPONSE AND PNWER SPYCTRAL NENSITY o(nr “gCYLQH *%vse 2 0PQ 2N

r oSLD) ?ta

REAN(TINUOF . INAHE (J3 4 J=14NUNF) 3P0 2un

210 K=y T 241
' zoP0 .2

feeeeREAP AND CONVFRY FREQUENCY RESPCNSE DATA--=--=---- 3 0P 241

« CHECK TO SEF IF THERE ARPE TNO (9 FCUR PLOTS £0P0 2k

c Zaen L5

2 7 IF(NUDE, N, TWO) READUZIFREQ,VP(K) ,VP2LK) tneo 246
TFINULDE, S0, FOURE REANETIFRT0,VF (K1, VP2 (K1, T10(K), 527 (K) cnea 247

IF(IFRE,£0,99) GO TO 6 caro 248

TIME(C)=ALOGL A IFREDD 30PN 249

KK coeo 20

RN o oTg 7 copo 2c1
KK =1 S0P 252

50 10 17 LS 2%

R soen 26

{ 19 THIS A POW-R SPECTRAL NFNSITY PLOT? corPO ?°5

g « TFLTYPE,NE.PS) GO 10 23 £oPO 256
0 soP0 2¢7

{====THT" “CCTION WILL READ AND CONVERT POWER SPECTRAL CFNIITY NATA 3 0PO 2ch

G capn 2¢9

REANIZY (NAMF(J) 051,20 zop9 260

marn vi=te. 30P0 2¢1
vaz-18, sopn 262

=t caea > %

te RFAD(7IFREN, VALUE saro 75k

LFITF20 ,FA,99) GO 79 13 sopn 2¢8

2 FRENFWT 0762 2RI2 £ 0P0 266
VIMT(X1-AL0G 10 (FREDD S oPO 14

IFIKLEC 1) GO TD 35 coPo ?:8

TF(TIMTIK) LLFPTIME) GO TO 13 s0P0 2.9

36 PTIMEZ TIME(K) copo 2/t

2 IF(VALUT § Ly ? by 3 SoPO 271
16 VP(KIZALOGLD! =VALU) P LD 702

60 TR Wb CoPo 273

34 VPIK)ZALOGLO (VALUEY s oPo 274

GO T u& tapQ 275

27 24 VPIXIZY coPo 276
e [FOIVPIKIILLT,YI) YI=VP(K) ¢ neo 217
IFCIVRIKIILGTL YA YA=VP(K) topn ?7R

15 K=Ke1 3 0PO 279

60 To 16 coro 280

>R 13 KzK=1 S0PO 2F1
(c-scmmmmmcecremmcmmeemcesamcess-erc-cessesesensvasmcmcme-oaccccncaeee-s 30P0 2n2

I coPo 283

¢ NETFRMING X AXIS MINIMUM ANT INCREMENT coen 784

17 N0 20 J=1,11 coen 2e=

PR IF(TIME(1)aLT. FLOAT{E=JVILOW=FLOAT(5=J) cneo 2ee



200

2975

3no

ns

315

325

Yy

SURRONTINE CCPC

20

G
Cawem
C

5F

703

73¢

‘a1

40

73/70 CPT=1

TFITIMF()GT,FLOAT(U=B81IHIGH=FLOAT (J=T)
CONTINUE

S=L0w

e 1) J=1,%

L=4

S=%4

IF(S,EQWHIGH) GO T A
CONT INUF

XLFN=LT,

IF(TYPE,FQ,PG) XLEN=18,
XOIST=(XLEN/L) *CH
TIME(Kst)=LOW

Ke2 =1,/ XCIST

=1

0C LOOP 131 WILL PLOT CNE PSO (€R TWC FREQ.

NG 101 xx=1,2

X=2,*0CM

Y=13,%CH

IF(KK, 2.1} GO TO 221
X=0,

Yz=13,%CH

IFITYRPE NE,PS) GO TO 221
X=0.0

¥=13,%CH

IFIKK,NE.2) GD TO 7013
CALL PLOT(X,Y,=-3}

60 T2 11

FIN 4, 2¢75060 017/09/7¢

RESFCNSE FLOTSe-mwaw-esws

GENERATE X AXIS (LDGY FOR PN CR FREQUENCY RESPCNSE

IF(TYPF,EN,FR) GO TO 700
CALL PLOT(CMy0.,y~3}

CALL SYMPOL(,5%CM25.,2%CM ,.20%CH,TITLE,D,,80)

GO TO 70%
CALL PLOTI(X,Y,=3)

CALL SYMPOL (4 S*CMe12,2%CHyo?0%CH,TITLE+0.,80)

XN=0,

YN={,

IF(TYPE, Q. FRIYN=-13.%CH

LK=L+t

PL=1.

00 40 J=t,LK

CALL SYMRDL (XMyYN, ¢A5%CHM,13,0.9=1)
IF(J.EG.LX) GO TO &0

70 50 J1=1,8

XP=XNe XN IST*LCG (1)

CALL SYMABOL (XP4¥N,42%CH417,0,,4-1)
PL=PL+L,

XPN=XP~, 05%CH

CALL NUMABER (XPQYN=,30%CM,.15%CHsPLs0ss~1)
CALL PLOT (X®,¥YN.D)

fL=1,

XN=XNeXDTST

CALL PLOT (0.4+¥YN,2)

XMz, ?2*CH

176

COoPO
coaPo
coro
S 0PO
corPo
CoPO
coPO
S 0PO
S 0PO
corPo
s0P0
s 0P0
coPa
s CPO
capc
coro
SoPO
S0PO
3 0PO
coro
S0PO
S 0PO
copo
S0PO
coro
corPo
cara
S QPO
30PO
CoPO
CaPQ
soPO
CoPO
COPO
CgoPO
s oro
topPo
Z0PO
s 0PO
coPoO
S0PO
coro
coPo
s 0rO
coro
copo
coro
coPo
s 0pP0
caro
J0PO
QPO
SoPoO
S0PC
caPo
coro
;0P0

1Ue 2247,

287
2ne
2t9
290
2¢1
292
233
2¢k
295§
296
2ar
298
299
300
301
g2
103
304
305
316
o7
308
309
RBY
31
312
3t3
R LY
315
316
3117
318
119
329
321
122
323
324
325
326
327
328
329
230

317
338
339
340
Jug
2
3ul



30

TRE

$nn

39C

2ar,

LR TT RS

en

»a

401

10y

Y F

a2
M1

14

T3/ 7Y BLAES]

X5 M=, 4% 0N

¥NASLOW

90 L0 Jm1 LK

CALL NOMAE® (XBMy Y=, 7CRCM, 0 25%CF, 100000 0=1)
FALL NUMAFR [XFM, YN=,5080M, (1726¥CF, XNO 0o y=1)
XNG=XRQO+ 1,

XP™ AdexpInT

VYGRSt

15 THIS A PSN PLOT?
IFITYPF, SN PSY GO TO 19

FIN L,2+75050

AINFRATE Y AXTS {CHM) FOP FREQUENCY RESPONSE AND PLOT JATA LINE

01709/76

coeo
:0PO
coPn
s0P0
> 0P0
sneq
2 0P0
carn
oeP0
coPo
cora
S 0PO
coPo
NP0

CALL SYMAGL (5 ,5%CM,YN=1,10%CM, 2F*CH,"FREQUENCY RFSFCNSF=--RADTANS COPO

X/SEC™, 044 31)

FORMAT (FLN.%)

SFAD (1,901} DNA

IF {EQFC1Y JHEL. ™M)

[F (DDB LED, 0.

VMA X=-101,

At 306 TuK=1,K
IF (VPLIJK) LGT. VvMAX) VMBX=VP( TYK}
CNONTINUE

VMAXZFLOATCIFIX (VMAX #ONA 22, 1)

VE{Ke1)Y=YMAX-6,0°D09

yeee>1z=non

VMINzyNMAXY =t],5*D0A

) 906 JSKL=14K
IF (VPUJKLY "ol To VMIN) VP LJIKLI=VMIN
CCONTTMUE

TALL SCALE {VP,6.0,4K,1
CONTINU®

LA (1) =LAREL
LAR{3I =L APEL2

J=?

IFINUDTELEN. LY J=y-?
LAR(DY=NAME () 1)

LAR (L) =NAME(J+2)

CALL FACTOR(HALFY

GC TD 902
GO TN 302

Go To 903

CALL AXIL (0,90esLAB WD ,60s GD.o VP IKEL]VPLKS2))

VP2 )=VP(K+2) %127

TALL FACTORI1.)
NCFLOTS=NOPLNTS+1

CALL LINT (TIPT VP «,149,0)
60 10 1?

GENE?ATE ¥ axlsS (LOG) FOR PSD

coueo
coPa
20PO
copo
SoP0
PR
CoPO
30°0
10P0
£0PO
COPO
3 0PO
cCoPO
20P0O
coro
coro
CorQ
corPd
3 0P0O
coro
20RO
> 0P0
capPo
JoPD
soeP0
SoPO
coPo
COPO
caopo
carPo
coen
2 apPn
coro
S0P0
caopPo

CALL SYMIOL (5,25%04,=1,15%CM, ,25%CH,"FNWER SPECTRAL DENSITY--CYCL SOPO

XPS/SECY 0oy 3D

ng 70 J=1,3?

TFIYT.LT . FLOAT(L€=J)ILONY=FLOAT (1 E-J)
IFIVA, G FLOAT(J-18) YRIGHY=FLOATLJ=-17)
CONT INUE

SELNWY

177

> 0PO
copPo
Z0PO
coPD
coPn
s o0e0

1Lea22007,

Jub
65
346
a7
348
349
icn
3e1
352
353
34
3rs
336
3c7
Icn

370
371
3r?
3’3
376
375
376
77
378
379
329
384
3n2
3483
3 AL
3es
386
387
387
3e9
390
3ey

1z
AL
3ag
LLT
397

1cq
w00



Wilt

~10

a1

Lt

aul

w20

TURRBUTINE €20

=

Tr

7a
79

120
7

100

131

73774 0P T=1 FTHN ~.2¢75060

C 83 J=1.10

Ly=1)

REAR

IF U5, "G HIGHY)Y GO TO 2¢

LONTINUF

YNIST= (26 ,7LY)*C™

IND:=25.70LY

VPRI e )=LOWY

VE(¥+P )1,/ YNIST

YN=T,

LY=L Y el

PL=1,

0C 147 J=1,LKY

CALL SYMANL (04 ¥ Ny 3¥CN013,90.4-1)
TF14.2N.LKY) 0 T0 1l

nac 1283 J41=4,9

IF(ING.LT.6) GO YO 76

IFIING.LTLEY GO T 77

IFIING,LEL8) GC TO 78

TFOINDWLELL2) CO TO 79

IFE}1.6T,51 (C TO 73

90 110 J2=1,4

YO=Y s YTISTEYLCCIJ2, 1)

CALL SYMBOL (0.,Y0y.”7®CM13,904,-1)
nY I 7k

IF(IL.6T.3) 6N TO 76

60 Y9 79

1F(JL.GY. £} GO TO 76

0N 123 J2=1,2
YO=YNeYDICT*YLOGLJZ, J1)

CALL SYMBOL (0,4,YQy,2%0M,13,90,,~1)
IF(J1.FN.9) 6O TO 140
YR=YHeYDISTHLCC (I

CALL SYMBOL (0. Y0, 032CMe13,90.,~1)
IFLINO L Tan) 0 TD 10D

PL=AL+1,

CALL NUMBER (~42S%CHM YQeua13%0MPLeD. =1}
CONTINUS

PL=1.

YN=YNeYNIST

CBLL FLOT (Desfes?2

YNO =L KY

YEM= ,L¥TM

YBM ==, 2%CH

D0 137 J=1.L kY

TALL NUMAER (- ,5%¥CM, YBMy s 3%C"4 1049904 ~1)
CALL NUMAER (=, 8*CH,YEM, ,2*CMYNC430.,4-1)
YRO=YNOeY,

YAMz YAMsYOIST

YEM=YEMeYDIST

LABC1Y=NAMELL)

LAR(2) =LARTL?

LA (3} =NAMT(2)

CALL SYMAOL (=143%0CM,10,3%"M,.3%CH,L0808,90,,30)
no TO 22

LENTPATE SECNAND FREDUENCY RESFONSE ¥ AXIS AND PLOT NAYA LIN

178

017097/7¢

copo
CaPO
CorPo
CoPO
S 0P0
caprPo
oPQ
> QPC
ZoPO
PR ]
coPO
caro
COoPD
coro
J0P0
coeo
S 0PO
20RO
coro
S0P0
coro
>0PO
coro
coPo
2 0P0
CoPO
S0PO
s 0PO
ZoPO
> 0PC
coPC
CoPo
CoPO
coro
s 0P0
CoPO
Z0PO
s0PO
coPD
2oPo
copPa
CoPQ
toro
coPo
S 0PC
carPo
SoPO
o0
coro
> 0P0
coPO
coro
Z0P0
20POD
30P0
coro
oLl

14 72,467,

401
«02
w0y
Lilb
405
406
unr
LWiB
409
10
(381
412
013
4ib
415
416
“17
418
419
w20
42t
422
473
Lzl
425
L2k
“?2?
“2A
4?9
w30
L31
432
“33
434
415
436
w7
W38
4«39
440
(X33
Lu2
Lkl
LTy
445
446
44?7
Yu
4u3
4t
4°1
4c2
4°3
Lot
45
©56
457



470

275

Lan

Ly

W
-

TLPFIUTI NG 30PN

I8

1

27

@2

36

1113

191

111?

S 0N

20n
o
((mmm-
feeny

¢

774 nPT=1 FIN +. 2475 %C 0170377

capPg
VB2 (ks 1) =-270, caerg
VP2 (K+2)2R0,%1,77 s QPO
LAY (1) =LARE LY caed
LAPLY) =L ANEL? > oPo
J=2 cnPo
IFL4UNTELEN, 1Y J=U-2 0P)
LARI2Y=NAMI (fe1) S 0Pa
LAN (L) =MAMZ(J42) coPo
NALL FACTOR{HALF) s0P)
CALL AX90 {0.404+LAB 4046, ,9044-270.4€0,) coPO
CALL FACTOR(1.) coPoO
NCPLPTS=NORLNTS+1 pRelde]
CALL LINT {TIPEWP2,Ky140,0) sara

s oPD
IPACT TO NEXT PLOT PAGE copo
IF (XK. EQ,?Y CALL PLOT (28,L350%CH,0,,-3) 1nPo
TF(XK.ENL 1Y GO TO 101 £aPo
G 10 101 COPO

2 0OFP0O
PLOT £SO DATA LIN CIPO

soen
CALL LINE (TIME VP, 41,00} S0PO
NEPLOT S2NOPLOTS ¢4 soPO
TFLTF?2,EQ.3%) GO TD 36 coPO
FIANATIFREN,VALUY ,VALUS CoPD
GC T3 42 S 0P0
CONT INUS cora

30PN
TOALT TO NEXT PLOT PAGE coPn
CALL ALOT (23.4950%CH,0,4-3} Z0oPO
WRITI(3,111 % coPO
FORPMAT(/10X,"F S 0 PLCTS CCHELETED™/) CoPo
GC Ta 3R coepo
CONTINUE s 0PO

CoPO
meesemereseccceecccecas [ND OF CC LCOF 101 —=e---oao-o secsceccecacees 20PO

s 0P0
WRITE(3,1112) CoPO
FCKMAY (/11%X,“FREQUENCY RESPOMSE FLCTS COMPLETED"/) £ oPO

coro
CHECK €OR MOREZ THAN TWO FREQUENCY RESFCASE PLOTS ZoPO

coerd
TFLTYS C,50.PS) GO TO 999 2 0PO
TFINLOCLEQ, THCY GO T 399 cceo
IFINUNTELENC2Y GO TO 999 soen
HUOT <=2 > aPO
nn 710 JKS=1,K COPO
VFLJKS)=310(JKS) S0PO
VP2 (JKS) =520 (JKS) coPo
o Y0 =% CorFQ

CoPa
B e R el L R T T PP RN cemecamacn coPO
#*ROIT LOSUS AND ROIT CANTOUR SECTION®®swsssvvse oe

coeo

ZoPo
IS THIS & ROAT LOCUS PLOT? 3 0P0

179

16,072,067,

“wh8
uEq
4e9
w1
4€2
463
WEL
G4FH
46
“E€7
4E8
LES
«70
w7
472
wT3
Wl
«75
WrE
wr?
478
479
RO
481
w2
ur3
4R
iS5
whbk
“87
YRR
LFQ
4o
ey
432
“o3
LSy
495
4ce
4c?
LCR
499
€00
&0t
502
enx
504
505
506
507
€8
50%
510
511
512
S13
14



€3n

»?%

510

Y

ERd/]

CLHRPOHT I

TReEREZ-PLANE WQOT LOCUS
r

r

coeg

F

rae

0

LN

AL opPT=t

TFETYO 00, ML) KEAD{ TN, ™
MITART M)

CHECY PR A 7-PLANI ROOT LOCUS

[F(NOKP, -0, 2) GO TO 1901
IFEINIG.NE.1) GO TH 781
V[.’)» 1

GFMT<ATE HALF GCIRCLT AND EMCH

CALL PLOCT {17,9CHM,2,%CM, =3}
CALL PLOT (C,,70,%04,2)
721,

Y=20.,.%CH

ne "Nz Jst..

FIN w.2¢7508(0

{I01G=1)

SCCYIQN*vssvasans

aXES

CALL SYMAOL (B.,Y . 2%CH,17,99,,-1)
CALL NUMNER (L B®CMy Y-, 3%0M, (235%CM47,90441)

7=27-.5
YsyY=r ,*CM

CALL SYMPOL (?."CMy6.%CM,,3%CF,"7 - PLANE FOOT LOCUS

LB RaRIRTUINRS L) |
Y=1 %M
CALL PLOT (0,4¥,%)
X==12, "CHM
CALL PLOT {X,Y,2)
7=1.2
0C 263 J=1.3
CALL PLOT {X,¥,%)
CALL PLOT (X,¥¢”)

CALL SYMBOL (XY ,.2%CMe13,3,,-11
CALL NUMRER (X, ¥+,15%CM, 125%CP,7,90,41)

CALL PLOT { Xy Y#,15%CM, 3)
727-,4
X=X o4, *CY

CALL SYMAQL (=16,0%CM, (S*CMyo2u*(M,TITLE(11,90,,80)

{of UNITZCH

FOR PCQT LOCUS EACH GAIN INCREMFNT HAS A DIFFERENT SYNMBCL PLOTTAD

GALL SYMANL (~15,%74,3,%CMee 74*CH"GATIN INCREMENT QROER=---*,

X90. 473

¥=9, {*CM
X==17,15%CH
N0 20% J=1,17

CALL SYMROL (X, ,Y,AIG{J)*CH* ), 2, 0RCERISY 4Nu v=1)

¥Y=Ys ,ATe0M

S1=1,31

ne 215 J=g,100

S1=51~-.01

313090 =51

TIMT (== SARPT(L=S1)(J)**2)
S10t111)=-1.7
S10€(102V=,254

TIME (1010==1,2
TIMo(1N2)=, P54

180

01/ 0377«

copro
coro
coro
s0P0
cara
30P0
CoP0
coP)d
2 QPQ
coPo
3 QPO
copPo
>0PO
QPO
coPo
s L]
S aPo
rarg
coeo
caeo
copPoO
£ oeo
coPo
CoPO
> oPo
CaPO
soen
soPn
coPo
Z0PO
£ 0PO
s 0P0
CoPO
30P0
3 0P0
coPo
s0P0
¢ QPO
ZoPO
cora
coPU
S 0PO
coPO
saoPo
s 0P0
CoPO
sarPo
coro
coPo
2 QPO
coPO
s 0P0
coro
coPo
s 0PO
G oPO
SOPO

1L,220067,

E4h
547
bR Y]
549
5540
PES
552
553
554
555
55

57
£58
559
560
5Ft
562
CE3
Uk
5e5
SE6
SET
€8
LE9
570
571



TLAECHTI NS~ e T RR RS FIN ., 24750n0 01799/ 75 14?7047,

TALL PLIT (124%™ 0., joRel o] 512

CALL LINT (TIMEL“17,107,1,0,00 Z0oPa 573

U =-1.01 s 0P0 574

"R 1,100 coeqn 575

= RS N K B} S 0P0 676
TIFSA0 0 41=°1 2 0P0 £y

CALL LTNE (TTM7,510,1004147,.0) 2G0PO 578

XPT=,1%2,¢64 S 0P0 579

YLE ¥=,1%2, 0y [Weldd] L1y

vl L RS T C oPO Se1
XYMAY 21, coero 582

YMIN-T, 20P0 58

yMaAY=1," £ oPO S AL

n0 To 207 bl e[1] SAS

K s 0PO 586
J R R eemememecesecmc-ecescacrcserememoos oo wsecemeanc—cs CQPO 507

i Z0PD SHA

tesses FOLLORTNG SECTICN INVCLVFS RC(T {CCUS OR ROOGT CONTOUR coe9 CLL]

~ s0pP0 590

VA (¥ PTAD MAXTMUM ANE MIN{MUM VALUFS FOR v AXIS AND X AXIS GINTRIFION coeo 5491
b soPn g2

201 RPEAT [1,300HYMIN,YMAX > nf0 593

Q0L FORMAT (2F10.0) jofls2o00) Ecqy

IF (FCFCLY «NE, D) GO TOQ 949A coeo 53¢

WRTTE (3, A0V YMIN, YMAY coPo 5S¢k

130 FNIMAT (AN, “YMINS™, F o, 1,0 "YMAX=",Fb.1) zaPQ 537

Z0P0 598

s GENFRATE X AY TS CoPO £e9

I coen [ 3]

227 CALL SURSCLIYMAX,YMIM,25.041.410.4YCREYY S0P0 6501
XOT =YCRFY coPO 60?7

XMIN==14,*XDT s 0P0 6013

¥MAXzH, *XOT coen Bld

CAtL FAGTORIHALFY 20P0 €05

(SN TFUTYPELEQLRLY CALL AXIS (0,¢0,+y"ROQT LOCUS®™4=10,9.40. JXMIH, CHPO 506
XNCT®*2,) S0PO €27

IFUTYPE.NFLRLY CALL AXIS (0,40, "RO0OT CONTOUR™ =124 94400 oXMIN, CoPO h08

XXOT#2,) coPO €09

CALL FACTOR(1,) Z QPO 610

€10 CALL PLOT (1la, *CMyl, 431} coen F11
CALL PLNT {144°CM425,%C4.2) S apPo 61?2

CALL SYMROL (CM,25,2°%CM,.20%CH, TITLE(L},0.,80) caPo 613

o s0PgQ 30

v IS THIS A ROOT CCNTOUR FPLCT coro 615

el IFITYPELNE.RLY (O TO 61 soen E16
i ¢ ara 617

f £OR RONT LOGCUS FACH GAIN TNCPEMENT HAS A NIFFERENT SYMBOL PLOTY ) CaPo 614

. > QPO 619

FALL SYMAQL (CM, h, J%CM,, 24%CH,“GAIN INCREMENT 0PNSR-=-",0,,23) saeo 62a

Fon (h=7,10%CH capo €21
YH=26,15%CH 3 aPQ 6e?

NC 170 J=1,110 CoPO 62"

CALL SYMADL (XN¥YN,, 24*CM, IRDER(IV40.y~1) > oPO €24

170 XN=XNe,85%(M 3NPo Y4

£ 2F 61 NCNT INGF cnePn €26
XN=18,3%CH Z0PO gc?

YN=25, ¥CH e LL] 628

181



£30

€up

c&0

660

570

243

182

SURROUT T A 1 IPC 73474 cPI=1 FIN «, 7+ 15060 01709774
YE=YCREY ¥5, s 0pPO
YRO=YMINS2G, *YCR: ¥ carqQ
N0 130 J=1,6 capo
CALL PLOT (19.%CM,¥N,3) s oPo0
CALL SYMADL [1R.*CM, YN, 4* M, 13,90,,-1) coPg
CALL NUMAER [XN,¥N,,26%CH,YNC,0,41) soPn
CALL PLOT (18.%CM,¥H,3) cora
YRr¥A-©, ¥CY coPn

18472 YCO=YDD-Y5 ceopo
YCRIYYOREY*D, 4 coro
XCT=¥17%2,54 s 0PO
IFITYPE,NE,RLY GO TU 62 coPo

237 COMT INUF sopo

i CoPO
Cmemcoemccccana evcesccencccan amscamescaes eesmmescecsesrecsser s e s esannn CoPQ
C-===NC LCOP 190 WILL 2EAD THE RONTS KITH N REING THE NO. OF GAIM INCRINM COPO
C~===AN0 M 3EING THE NN, OF RQOOTS TC RE PLOTTED WITHIN EACH GAIN INCREME Z0PO
e AOTH 7 «PLANC AND REGULA® RCCT LOCUS ARE PLOTTED MIRL 30P0
c cary
90 1490 J=1,N 20P0

N0 190 K=14M coro
IFIK.EG. 1) PTF=1, corPo

IF (NOKP,NE,2Y GO TN 19°5 corPoO

REAN (9 T4t TIMELLY yVPLL)4L21,T) coeo

IF (SOF(31,NELC) GI TO 19Ca s 0PO

IF (NOKP.EG.2)Y 6GC 7D 115 toPO

1665 CONT INUE soP0
PEAD(PII G (TIMELIZVPILI =11 S0P0

TF (INIM.ED. 1) MRPITI(9) I, (TIMECL) VPILY L=1,I? copo

11¢ CONTINUS I0P0
tL=n coPo

0 thd L=1,1 coro

o4 30P0
c THROW CUT ALL FCINTS OUTSINE ¥ ANC Y BOUNDBS coro
3 copo
TFLOWVPILDI) s GTLYMAX ) JOR . LIVPEL ) ) LLT.YMINDY LOR. (AT IMZ (L) )L GT, X4AX), 0 COPC

XR, ((TIM (LY, LT, XMIN))} GC TC 163 copPa
IFCIAVRIL)) CEQeO I 4 AND (ITIMI L)) LENLDLDD) GO TC 160 S0PD
IFCI). M1}, ORLIK.NELLD)Y GO TO 27 CoPO
XN=(TIME (L) - YHINY/ZXDT soPo
YN={VP (L) -YMIN)/YCREY s aePo
IFCININ.EQa1) XN={1,2-VPIL I/ ACY coro
IFUINIGE0a1} YN=(1,+TIME(L))/YCREY s0P0
IF(NOKP, EQ,2) XN=-VP (L} /XNT oP0
IFINCKP,EQe2) YN={1h +(TIM (LV=-1,0/,.0C5)/2,5¢4 € oPO

CALL SYMAOL (XNy¥My o 35%CM,5430,,4~1) saPq

GC TO 160 CoPa

27 LL=LL 1 saro
TIMECLL) =TIME( L) COPQ
VPILLY =VPILY S0PO

ten CONTINUE s0P0
L=LL SoPO
IFCINIGLNEL1) GO T 208 S 0PO
N5 209 JJ=t.L coPD
VT=yPLJ} coro
VPCJIY=TINE (JJ) s Qr0
209 TIMF(JN =-VT S 0P0

1?2467,

€29
630
€71
532
o33
£34
CRE]
15
€37
[3X1.)
£ 19
sul
€41
LY
[ %]
Bl
Eus
L30.)
567
€uh
LY
£
671
€c2
[ 33
854
€5
626
€57
(3.}
€79
650
(131
652
€53
664
EES
EEE
657
€€8
6€9
670
e
672
£73
674
€75
E76
677
678
579
680
€81
682
ERY
[ 22
685



NN

700

765

~
-
o

7°C

730

775

SURRPOTIN COPP

IO G0

o

r

73

/74

VELL +1)= -1,
V& (L#2 1= YCREY
TIMFIL+1b==1,7
TIME (L +2)=XDT
(NOKP.NF,2) GO TO 281
VP(L+1Y=,9?
TIME L ¢1)=0,0

TF

G0

238 VP{L+1)=YMIN

21

1

0PT=1 FTH <, 2¢ 750860

VP(L#2)=YCREY
TIME (L ¢t ) =XMIN
TIMF LL42)=XNT
211 KD=¥
TF(K,6T,100

CaLL LINE

198 CCN
1301 fCN

TING
TINGE

XD=x=10

(TIPEWPoLals=1,NRNERIXID}

IFIIDIG.NELL) GO TO 1900
(KLF NE<NNKP)Y GO TO 1900
(NOXP,ED. 1) GO TO 1300

¥
1F

CALL PLO

caL

GALL
CaLL

CAaL

CALL

YyY=

T (17 .%CHy2,%CM =3}
L FANTOR(.7874)

AXIS(0,404416H2-PLANE EXPANIED,=16,10.,%0.,.97,.01)
AXTS (0 o8 e sOHINAG AXIS =9 460 ¢1R Uus0e0s01)

L SYMACLL=745,04s e14y TITLEC1)4+90,,80)

44585

SYMAOL (=740 45,.144“GAIN INCREMENT ORDER =--=%,40.,26)

D0 2044 J=1411
TALL SyMfQL
PlLu YY=VYYe 025
TALL FACTOR(1.,0)
XMIN=, 91
XHAX=1,03

=.012
Y{REY=,0127
KLP=KLF#1
WRITE {(3,1111)

1111 FORMAT(2JX, " XPANDED ROOT LOCUS COMPLETED™)
G0 16 207

1300 CONT INUZ

k4

(=701 4YY 4o 14 OROER ) 404y =1)

C8LL SLRROUTIME TO PLOT ZERDES

caLL

REANGL{YMAX, YMIN, XMAX  XMIN XDT,YCREYJIDIG HTIM-, VP ,NOKF)

IFUIIIG.NE. 1) WRITS(3,1118)
IF(INIG.FQ. 1) WRITEC( I, 114TY

1117 FOEMAY

(20%,™7 PLANE ROOT LOCUS PLOT COMPLETED™)

SPACE TC NEXT PLOT PAGE
IFCIPTG.NE,1) CALL PLOT (30, 4S50°CMo0es~3)
IF(IBIG.EQ.1) CALL PLOT (23.,4950%CH,-2.%CH,-)
NOPLOTS=NOPLOTS+1

(MOKP . EQq ?) CALL PLOT (=17,%CM,0.,4-3)

1F

183

01/39/7¢

S 0P0
toro
20PQ
3 0PD
CorPo
Z0PO
coen
coro
tarPo
saeQ
20P0
coro
soPn
30PQ
coro
oec
caoPo
> 0PQ
coro
30P0
z0PO
corPo
ZO0PO
S 0FPO
20FPO
soeo

14022407,

£RE
KA_7
€28
€&9
€20
€91
662
€cy
n9%
£9%
E46
677
698
£99%
700
Tt
702
703
704
7385
706
. 7a7
708
7r9
710
711
12
713
7146
715
716
[A%4
718
719
r2e
721
r22
723
724
725
726
727
rce
729
7230
LERY
12
733
T34
7w
7%
r7
738
739
740
T4t
Tu?



7y

745

ibe

SUTIA:

cnen T/ PLAES]

g4 6C 77 399

c
[

sessselnnT SOMTOUR PLOT RECTIONS®Sesvssss

62 TFS=2
GO TC A7
he IFS=1
H7 REATUTIILATIMF LY, VP (LY L =10 1}

FIN 4, 24750R7

TFLOTIM (1), EQu=1.),AND, {VP {11, EQ.=14)) GO TO €3

LL=0
00 240 L=1,I

01709776

CQPQ
s 0P0
capo
s0P0
s oPQ
coPn
I0PD
CoPO
s oen
corPO
soP0
QPO

TFCOIVECLI b A GT YHAK) (OR, (VO (L) LT YMINIOR, ((TIME (L)), GT.XMAXY, 0 COPO

XR{(TIHE (LYY LY. XHIN}Y GO TO 260

TFCOOVRELIN A EC. 0.0 JANDLITIMEIL)) EQ.CWP) GO TC 260

XK= (TIME(L)=-XMINI/XDT
YN= (VP L) =YMINY/YCREY
IF(IFS.GTenY GO TO 6%
CALL SYMAOL {XNyYNe o 30*CMyteylay=1)
50 T 260
AF CALL SYMACL (XNG¥YN,,10%CMyLa0.4=1)
BT CONTINUE
IF(IFS.EQ.0) GC TO A6
60 TO 67
63 TQNIG=9
WRITE (3,1119)

{118 FORPMAT (20X, “ROOT LOCUS PLOT CCMFLETED™)
1119 FORMAT (20X, R00T GCINTOUR PLOT CCMPLETED™)

S0P0
cCoro
coPo
SOPQ
;0PO
CorPo
S0PO
CaPO
20PO
coro
corPo
s or0
S 0FPO
30P0
S0PO
copa

fememmcecccceccascees [PRTTOR ccmcmscccmanmn= cmcana= cmmcecesscncmsace== 30P0

[ SPACF TC MEXT PLLCT PAGE
CALL PLOT (30.4950%¥CMy 0y -3}
NCPLZTS=NOOLOTS 41
G0 TH 999
391 WRIT: (%,1000)

1100 €02MAT (/10X,“NOC e L C TS FEQUESTECL™

tcoTo a9

5 I

99R WRITZ(3,501)

MUST AT A LTMIT CARJ FCR FACH REGULAR ROOY LOCLS OP PQCT CONTOUR

2 0pP0
corPO
s aPQ
caro
CoPO
coPC
CoPO
coro
Z0P0
30PO
CorO
S0PO

321 FCRMAT {10X,”F R R O R - - NO (ATA CARD FOR RCCY LOCUS CR POOT CON COPO

XTCH® PLOT™)
6N ¥n 8493
13 CONTINUF
CALL PLOT (", ,0,,99)

5

~ GENSCATT AUTOMATIC PLOT REQUFSY

O

CALL PLOTREC(SNAME,SUBTASK, 0y 0eDs0s0sNOTAINCTAL0,404C

XPTITLESNCPLOTS, 0, IVSN,COMMINT)
XPTITLE «NCPLOTS,0,0,C CMMENTY
END

184

coPO
coPa
20P0
coPo
> 0PO
30PO
CoPo
Z0PQ
cCoPoO
c0POD
corn

1422447,

T4
Tuk
745
746
To?
To8
749
7c0
7¢€1
7452
7¢3
T34
7¢5
76
787
7ca
79
7¢€0
751
T€2
T3
TEL
7¢5
7¢6
7€7
78
7¢9
770
(44
172
773
77
175
776
777
778
729
780
721
782
733
754
705
7¢6
787
788
789
7¢0
791
792
el
794
795
7¢6



SYHRNT IAF

2T aNN 7377 ceT=y

SURRQUTINE R7AD0(YMAX, YMIN, XMAX  XFIN, YCREX ¢ YCREY . INDIG, TIM ,W P,NOKP

18}

THIS SUAROUTINT FEADS AN
FUNCTICH FOP A RDQT LOCU

OIMENSTION TIME (1) VP (1)
IF  LINDKP,NE.2) ,0R.(ID
PEAL (9) T,(TIMECL) VP (L

FTN 4. 2¢75060

C OLCTS THE ZERDES OF THF TRANSFFR

N

IG.NEL11) GO TO 1234
bal=1,11

TF(EQF (9. NEL D) GO TO 161

IFCINOKP  ENL2) LANDL L IDIG
1236 CCNTINUF
PEANITY TL(TIME( ), VPLL)

IF (INIG.EQ.1 ) WRITF (9)

11 CCHTINUS
A0 180 L=1,1

»EQe1t) GC TO 11

=1, 1)

To LTIMECL) ,WPULY 4L =1, 1)

01703776

TRCLVPIL)LGY L YMAY) L DR {VPIL ) LT, YPIN)LORMC(TIME (L 1. 6T L XNAX ). OR, (TN

LI LT XYMIND)Y GO TO 160
AN= (TIME (L) =XMIND/YCREX=

033

YNz (VP (L) -YMIN) /YCREY=,043

IFIIDIG.NELL)Y CO TO 159

XN={142=-VP(L) }/YCREX=-, 039
YN (1, ¢TIMEIL})/YCREY~, 049

1F (YCOFY,EN,,.0127) YN=-

VP{L)/YCREY =039

TF (YCREY.EQ.oBL1?7) YN=U{1€. ¢ {TIMFIL)=1.37/,0050 /2,54 =~4009

163 TALL SYMAOL(Y N Yh,,140
180 CCMTINUR
161 CCHT NS

PETURN

N

159404 9=1

185

REACD
QL ANC
REAND
RZADO
REAND
REAOC
REANC
READN
RZAN0
LEADD
READO
READD
RZADOQ
REANQ
READO
READO
READC
RcADO
R-ADO
READD
REAODN
REANC
EADC
AN
READO
REAND
REAND
READD
REANC
REALDC
READD
QRTA0Q
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2n

s
5

X0

SUFRIUT IAF

S0

fOTAR 2377

SLBERQUTINE

THIS “HyagQouUTl
CRUL ST AND POWTR APPROACH

L QP T=

£eTaz

1

FIN &, 2475060

01/09/7¢%

COMMCN/NSTARC/CTNL CTMY, CFHVL JCENVU/CSTARP /PTHL,PTMUPENVL,PENVU
NIMINSION CTHL20),CTHU(20) ,CENVLC20),CENVLL20),
PTML (120, PTMU{23) (PERVLEL2), FENVUI(2D)

CATA rTMLY

CENVLZ, 0y

nTYU/0.C,

CRMVUZD, 0y

PR R RN S

CATA OTML/
X

XPENVYL/ DL Dy

X
XPTMUZD.C W
X W50
X 2,50,
XPENV/Z T, 0y
x EPET
X 1055,
L]

0.00,
1.00,
2,00,
000,
785,
950,
« 020,
«600,
5.0N0,
800,
1.555,
t.083,
100,
3.25,
0400,
«AS,
01,
o700,
3.004
+E0,
2.2,
1.39,

«204
1.10,
5.00,
775
« 795,
000,

«075,
«ADG,
0.N07,
1.200,
1,385,
0.0y

20,
3.50,

55,

00,
«06,

80,
3.50,
1.00,

2.23,
1.17,

o0y # 50,
1.20, 1.30,
0.n0, 0,00/,

REE, 2830,

Nan
1,50,

.890,

« 010, « 855, .905,

+0007,
J113, .180,
1,000, 1,100,
0.3007,
1,600y 1,600,
1,200, 14145,
0.0897
JECy 1,40,
0.00, 0.00/,
« 8, « 89,
W07
19, #16,
«20, 1,00,

3.00, 0.00/,

1,26 1.50,
2.24, 2.21,
6,00, 0,00/

186

«200,
1.200,

1,645,
1.108,

2:25,
o« 7€y

+20,
1.20.

1.624
2,08,

70
1.70

<885,
926,

. 300,
1. 300,

1.730,
1.070,

2,50,
€9,

«30,
1.33,

184,
2.00,

«B80,
1.80,

855,
«9e 0y

o0,
1.400.

1.735,
1.0°5,

275,
«*9

b2y
1050

2000
1.92,

<30,
1.90,

« 800,
+950,

<03,
14500,

1720,
1.050,

3.00,
273

«50,
2.00,

2,08,
171,

SSTAR
CSTaR
CSTAR
CSTAR
S5TAR
CSTAR
SSTAP
CSTAR
csrvae
CSTAR
CSTAR
csvaR
CSTAR
CSTAR
SSTAR
CSTAR
CSTaRr
3STAR
CSTAR
SSTAR
CSTAR
CSTAR
cstaR
CSTAR
> STAR
CSTAR
SSTAR
SSTAR
CSTAR
SSTAR
CSTAR
SSTAR
ISTAR

14+23.09,



TLEMAUTTI M JuATrL YT [SCAERY FIN &, 24 750K 01/70Q/7F
FUFPOUTINE SUACCHEXRMAX, ¥YMIN, S KFAC,DIV,SCALED 3uascL

: SURSHL
R LR LR PR R B TR T SURSCL
. THIS SUAROUTINE COMPUTTS THS SCAL ING FACTOR FOR ROLT LCCUS PLOTS  SUASCL
[ meeean B it R e i B T L e UL L of |
suAshL

NIMENSTIAN ¥ (1) SURSCL

REAL FAr (4) SUASCL

NATA FAG/1:s 424 45e 31347 3U8scL
ASXMAX «XMIN SURSCL
IF(a,5qQ.0.} O TC 17 SURBRSCL
SL=N=S*nIv/11, SURSCL

A=A/ SLEN SURASCL
IFIN.GT 5 ANDLRILE, 1) GO T 408 SUASCL
IFlRLELS.) GO TO 7y sSuascL

HC TN 41 SURSCL

17 WRIT=(3,°2M) SURSAOL

20 FORMAT(™ DATUM MAXIMUM AND MINIMUM ARE THE SAME™" ) SURSCL

4f SCALS=.01 SufSsCcL

GC TO & SUR3CL

“01 SCagi=1g, 3UBSCL
uweoTS R SURSCL

41 0 4 T=1,439 SUOSCL

a0 & J=1.3 SuascL
TF{R.GI, FACC) * LN, ** (I~13) GO IC & SuBRSCL

SCAL =FAIC(UY*10,%%(] -1 syesrL

ne ™ s SunscL

L CONT INUE SURSCL

6o 1Y 5 SURSCL

18 00 3 121,939 SUASCL
003G S=1,13 SunsCcL
TF{ALLE FANCN=J)® 10, %2 (-T¢1)) GO Y039 SuU3sSCL
SCALF=FACIS=-J)% 1IN ** (=]+1) suascL

GC T = sSussCcL

39 CCNTINLF SuURsScL
EOAZAMOOIYMIN,“CALF) SUnRsSCL

19 TFEXMINGGT, 0. ) XMINS XMIN=A SURSCL
TFEXMIN, LT, 0, P XMIN=XWIN-SCALE-2A SUBSCL
IF(KFAC.GT.NY GOT 2352 SunscL
XMINZYMTNSSTALE®SLEN suascL
SMALL =-3NALF Su8sCL

) CCMTINGT sSuascL
RETUSN suBscL

TNM 3UEsnL

187
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APPENDIX 2

NAMELIST CNDE

THE CONDITINN CODES AND INPUT CATA ARE CCNTAINED IN THE NAMELIST CODE
AND ARE LISTED BELOW. ALL OF THE CODES AND DATA ARE INITIALIZED TO ZERD
AT THE START OF EACH CASE UNLESS THE SAV OPTION IS SET

CONDITION_CODES (INTEGER VARIAEBLES)
READ y SYSTEM,0UTPUT yMIXED,,DIGITLyFRPS yNUMERS, TRESP,NX,NY¢4NU,NXC,NUC,

ZOHy N1 4N2,CONTUR MULTRT yMOCELyNSCALE,CVMAT,NK2y FORM, IPT, IGO, SAV,
[FLAG,READ3

INPUI_DAZA (REAL VARIABLES)
DELT,FINALT,IFREC,FFREQ,DELFRQsMyGAIN]L,GAIN2

CONDITION CODE_DESCRIPIICN {INTEGER VARIABLES)

R EAD 1 DATA MATRICES INPUT THROUGH LOAD SUBROUTINE
2 DATA MATRICES CONSTRUCTED IN USER WRITTEN MATRIX SUBROUTINE
3 DATA FRCM PREVIQUS CASE ALTERELC IN USER WRITTEN CHANGE
SUBROUT INE
4 DATA MATRICES CCNSTRUCTED FROM BLOCK DI AGRAM INFORMATION
IN CLASS SUBROUTINE
SYSTEM OPEN LOCP SYSTEM ANALYSIS

CLOSED LOOP SYSTEM ANALYSIS
ROOT LOCUS ANALYSIS

w N

QUTPUT 1wy B x
2 w= Hx + Gx
3 0ywe Hx + Fuw
“© 9= Hx + GxtFw

MIXED 0] NC ACTICN
1 MIXED SYSTEM ANALYSIS (SEE TABLE V.)
SYSTEM MATRICES ARE CCNSTRUCTEC TN A TWO-STEP PROCFESS,

STEP 1 SPECIFIES CPEN LOCP PLANT (I.E. SPECIFY A,B,
CsHyCyF REGARDLESS OF VALUE OF SYSTEM),

STEP 2 AUGMENTS PLANT WITH CCONTROL SYSTEM DESCRIBED
BY BLOCK DIAGRAM USING C1ASS.

SYSTEM SPECIFIES THE TYPE CF ANALYSIS FCR THE

AUGMENTED SYSTEM.,

DIGITL 0 CCNTINUOUS SYSTEM ANALYSIS
1 SAMPLED-DATA SYSTEM ANALYSIS
2 DISCRETE SYSTEM ANALYSIS

IF DIGITL # O, DELT SPECIFIES THE SAMPLE PERIOC OF THE
DISCRETE 7R SANMPLED-DATA SYSTEM.
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FRPS 0
1
-1
2
N UMERS 0
1
TRESP 9
N

NXsNYsNU

NCT APPLICABLE

FREQUENCY RFSPCNSE CALCULATED FOR EACH TRANSFER FUNTION
S-PLANE IF DIGITL = 0O
W-PLANE IF DIGITL = 1,2 (BELT REQUIREC)

S-PLANF FREQUENCY RESPONSES CALCULATED FROM Z-TRANSFER
FUNCTIONS WITH DIGITL = 1,2 (DELT REQUIRED)

S—PLANE POWER SPECTRA CALCULATED (DIGITL= C)

NUMERATCR ZERCFS CF S- OR Z-TRANSFER FUNCTYIONS CALCULATED
NUMERATOR ZEROES MOT CALCULATEC

CCNTROL WILL CCMPUTE TRANSFER FUNCTION NUMERATNR ZERNES

FCR ALL INPUT-CUTPUT PAIRS DEFINED BY THE INPUT AND OQUTPUT
VECTORS. FOR MIXED SYSTEM ANALYSIS, THE ITHINU AND ITHINY
OPTIONS ALLOW UNWANTED TRANSFER FUNCTIONS T BE FLIMIMATED.

NC ACTION

N TRANSTENT RESPONSES CALCULATED. '*DELT SPECIFIES INTEGRA-
TION STEP SIZE. IF DISC INPUT ROUTINE IS USEC, THERE MUST
BE N INFUT CARNDS AT THE END OF THF DATA CASE GIVING THE
INPUT STEP FUNCTICN.

DIMENSIONS OF X, Yy, AND U VECTCRS. IF MIXELC = 1, NX,y NY, AND
NU SPECIFY DIMENSIONS OF THE CPEN LCPP PLANT (STEP 1),
STATES ADDED IN STEP 2 0OF THE MIXED CPTICN AUTNMATI-

CALLY INCREMENT NX, NY, AND NU.

NXCyNUC DIMENSIONS OF STATE AND INPUT VECTORS CORRESPONDINC TO THE
CONTINUQLS SUBSYSTEM (PLANT) CF A SAMPLED-DATA SYSTEM, THE
PLANT MUST BE PARTITICNED IN THE UPPER LEFT POSITION 05 THF
SYSTEM MATRICES (A,ByH,F.ETC.) NXC < NX , NUC £ NU

N1y N2

CONTUR 0

MULTRT

FOR SAMFLED-DATA SYSTEMS, THE MNJMBER CF INPUTS TN THE
PLANT WHICH APE DUTPUTS OF ZERC-CRDER-HOLD CEVICES. THFSF
MLST BE THE FIRST ZCH CCMPONENTS OF THE INPUT VECTOR, U,

THE ROOT LOCUS CPTICN ALLCWS TWO FEEDBACK CAINSITO BE
SPECIFIED. N1 IS THFE NUMBER OF ITERATIONS OF THE FIRST
VARPTABLF {Kl,K2) AND N2 IS THE NUMBER OFf ITTERATIANS OF
THE SECCND VARTABLE (K3 ,K&4). (CCMMCNLY, N2 =0).
IF NL > 9, GAIN INCREMENTS ARE ARITHMETIC (04152935 ..)
TF Nl € 0y GAIN TANCREMFNTS ARF GECMFTRIC (0919244, 85.)
Cain increments of second variable are the same as the first;
NCT APPLICABLE N2 must be >0.
RCOT CONTOUR OPTICN FOR PARAMETER VARIATION STUDIES
CONTROL DETFRMINFS ONLY SYSTEM EIGENVALUES AND RETURNS
TC TOP CF PRAOGRAM FCR NEXT VARIATION, CCNTINUES UNTTL CONTUR
SFT TO ZERO. {USED WITH IFLAG, READ3,SAV,ANDC CHANGF)

FCR SAMFLED-DATA SYSTEMS, CCMPUTES MULTRT TRANSIENT
RESPONSF POINTS FGR FACH SAMPLE PERIOD SO THAT INTERSAMPLE
2ESPONSE MAY BE INVESTIGATELC. TNNLY TRANSIENT RESPONSES
ARE CALCULATED IF MULTRT IS SET.
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MODEL

NSCALE

CMAT

NK2

FORM

IPT

160

SAav

I FLAG

READ3

— O

—

N —

'2

NCT APPLICABLE
MODFL FCLLOWING CN CONSECUTIVE FREQUENCY RESPCNSES

NCT APPLICABLE

STATE VECTOR TRANSFQRMED TO IMFROVE NUMERICAL CONDITIOMING
TN DETERMINATICON CF EIGENVALUES. A MATRIX SCALED BY A
DIAGONAL SIMILARITY TRANSFORMATION.

C MATRIX IS THE IDENTITY MATRIX ( C NOT REQUIRED)
c # 1 (C REQUIRED)

K2 =0 » K& =0 (K2 ,K4 NOT REQUIRED)
K2 #0 DR K& £ O (K2 K4 REQUIRED)

PRINT CNLY FNR OQUTPUT

PRINT AND PLNT QUTPUT

PLOT ONLY FOR QUTFUT

THE CONTRCL PLCTTER PROGRAM AUTCOMATICALLY SCALES ALL PLNTS
EXCEPT ROCT LCCUS PLOTS (WHICH REQUIRE AN EXTRA

DATA CARD).

CCDE FDR EXTRA PRINTQUT FNR DEBUGGING
NG EXTRA PRINTING
EXTRA PRINTING

CODE FOR CATA REQUIRED BY CLASS SUBROUTINE
INPUT DATA REQUIRED BY CLASS (TABLE Vv, STEP 2)
CLASS USES DATA FROM PREVIOUS CASE

DATA MATRICES NOT SAVED

DATA MATRICES SAVED FCR SUBSEQUENT CASES. If MIXED = 1,
CCNTROL SAVES MATRICES DEFINED IN STEP 1 (CLASS INPUT
DATA, STEP 2, IS NOT DESTROYED AND IS AVAILABLE FOR
SUBSEQUENT CASES) .

OM SUBSEQUENT CASE THE CONDITICN CODES AND INPUT DATA ARE
ZERNED BEFORE THE CALL TG CARD. CARD REACS TITLE,NAMELIST,
OLTPUT LABEL,AND INPUT LABEL CARDS

ON SUBSEQUFNT CASES THE CCNDITICN CODES ANC INPUT DATA OF
THE PRE SENT CASE wILL BE USED. CARD REACS ONLY A TITIE

CARD FOR ALL SUBSEQUENT CASES. (THE OPTION MAY BE CANCELED
BY SETTING IFLAG = 0 DR BY ENC NF DATA DECK),

NO ACTICN

ON SUBSEQUENT CASES, READ DEFAULTS TO 3 TO FORCE PRAGRAM
TC THE CHANGE SUBROUTINE. THE CPTION IS USEC WITH IFLAG
FNR PARAMETER VARIATICN STUDIFES.
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3

INPUT_QATA_DESCRIPTICN (REAL VARTABLES)

DELT

FINALT

TIMF INCREMENT FOR TRANSIENT RESPINSES ANC/OR SAMPLE PERIOH
FOR SAMPLED-DATA SYSTEMS, SECCNDS

FINAL TIME FOR TRANSIENT RESPONSES, SECCNDS

IFREQ, FFREQ,DELFRQ

GAINL,GAINZ

INITTAL ,FINAL, AND INCREMENTAL FREQUENCTES FCR FREQUENCY
RESPONSES OR POWER SPECTRA. DELFRO = 1.1 IS GOOD FOR
MCST APPLICATINNS, FREQUENCIES MUSY BE SPECIFIED IN
(DELFRQ CANNOT EQUAL 1.0}
RADIANS /SEC. (S-PLANE) EVEN FORP DISCRETE AND SAMPLED-DATA
SYSTEMS., IF IFREGC = (0., PROGRAM CEFAULTS TC AN INTERMAL
SET OF FREQUENCY POINTS SPACED BETWEEN .1 AND 150. RAD/SEC.
FOR SAMFLED-DATA FREQUENCY RESPCNSES CONTROL CEFAULTS
IN THE FOLLOWING MANNER,
IF DIGI TL#0 AND FRPS #-1 AND IFREQ=0

IFREQ = TAN (.1*DELT*.5)

FFREQ = TAN (.9%3.14%.5)
IF DIGITL#£0 AND FRPS £-1 AND IFREQ#C

I1FREQ= TAN (IFREQ*DELT*.5)

FEREQ = TAN (FFREQ*DELT*.5)

CODE FOR MODIFIED Z-TRANSFER FUNCTICN COMPUTATION FOR
SAMPLED-DATA SYSTEMS. M IS THE FRACTIONAL SAMPLE PERIOD
DELAY AND IS IN TFHE RANGE 0. M < 1. M = 1.CIVES THE
STANDARD 2-TRANSFCRM IF THE SIGNAL HAS NO JUMP DISCONTIN-
UITY AT THE SAMPLFE INSTANT. M = O, GIVES THE Z-TRANSFMRM
WITH A CNE SAMPLF PERICD DELAY. HCWEVER, NUMERICAL ERPNIRS
LIMIT M TO M > .2 . THEREFORE, IF M=0., THE PROGRAM
DFEFAULTS TO STANDARD Z-TRANSFORM ANALYSIS. ONLY OPEN LOOP
CALCULATICNS (MODIFIED 7-TRANSFER FUNCT IONS ANLC FRFEQUENCY
RESPGONSES) MAY BE PERFORMED WITH THIS QPTION.

ROOT LOCUS GAIN TACREMENTS FOR THE TWN FEECBACK GAINMN

VARTABLES ALLOWED WITH THE ROQT LOCUS OPTION. If NOT SFT,
PROGRAM DEFAULTS T0O GAINL= 1.0, CAINZ2= 1.0,
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APPENDIX 3
INPUT ANC OUTPUT LISTINGS OF EXAMPLE PRCBLEM

A. INPUT LISTING
EXAMPLE PROBLEM LATERAL-DIRECTIONAL AIRPLANE & CCNTRCL SYSTEM
$CPDE READ=lyMIXED=l'SYSTEM=lyOUTPUT=29NX=4gNY=S,hU=2,NSCALE=O,SAV=O.
CMAT=1,IPT=0,FRPS=1,1FLAG=0,RFAD3=0 ,DELT=.05,FINALT=3.,
TRESP=1,FDRN=C,IFPEQ=.1,FFREQ=ZO.yDELFRQ=l.lly$END

ROLLRATE YAWRATE BETA PHI AY
DELTAAC DEL TARC
4 4
-5.9 1.7 -15.
—4h -1. 10.
- .004 -1. -.25 .11
1.
4 2
l4. 2.
-6 -6.
.07
4 4
lo ".CZ
-.02 1.
1.
1.
5 4
L.
1.
1.
l.
- ©34¢ 8.7 -
5 4 )
B.7
5 1
l ]. 3 _2-
2 4 1l 1. 25,
3 8 4 5 2 1. 25, o7
4 6 4 1. 1.
5 5 5 -.1 10. 2.
1 2 3 4 S
3 4
3 2 1
1 3
2 4
5 5
2 1
3 2
6 3
1.

192



i, OUTPUT LISTING

EYAMELE PRONLEM  LATERALATIQECTIONAL AIPPLANE AND CONTROL SYSTEM
CONTINUQUS S YSTEM
MIXFD OPTION
OPEN LNOPRP
L0An PCOUTINT INPUT
TZAMSFERE FUNGCT IQNS
FRENIENCY STSPRLONCET
TRANSTENT CESPONSFES

NX = [ SEAD = 1 TRESP = 1 CMAT = 1 TELT = «050
MY = s SYSTM = 1 FRPS = 1 NK2 = 0 FINALY = 3,000
Mt = 2 4IxIn = 1 NUMFRS = 2 IFLAG = a IFocy = 100
NYC = o ouTePUT = 2 FORM = 0 I16C = 0 DEL*RN = 1,110
NUC = 0 NIGITL = ] CONTUP = ] READY = 0 FFRIQ = 20,000
INH = C iefT = 0 MULTRY = 0 SAV = 0 GAING = 0,000
N1oos [N KOUNT = 1 MONEL = L} NSCALE = 0 38IN2 = (,.,0CC
N2 = Q ™ = 0,000

TWE A MATRIX IS
3 “

17002471 = 15208402 -0,
~«10087+ 21 «1000E4172 =9,
=etN127=02 =-,1000-401 =~,2500%+00 «1100€+00

«17110°+ 31 -0, -0. -0.

THE T MATRIX IS
i 2
elll #22 <0007+ 01
=ehCN"=4 70 =,5000°¢01

-0. «7000 - 01
-0, -0

THE £ MATRIX IS

L i
W10LCTH L =y 22007251 -0, -0.
-¢20007~Ct «1000°+01 -0, -0
=3, -C. «12N0E+ 01 -0,
-0, -0 =3 +1000F+01

T, + MATRIX IS

5 o
«10307+0L =0, -0 -0,
-0 »10C007+01 =0, -0
-3 =L .1000E+0¢ -0,
=G - -1 «10705401
LR L T | «870)7¢21 -0, -+1000E+ 0L
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THFE G MAT2(X I3

3 “
-1 -0, -0. -0,
-7 -0, -0. -0
- -Cs 3. -fe
-3, -C. =%, ="
-0, -0, -0, JRTNOF#01
ALCCK CIAGEAM TARLT PADAMZITEPS
N3« TYPE CANN-C MON PARAM
1 1 -t -t -0 T -0 -2,0000 -0.0090 -(.0008C ~0.000%7  ~0.0020(
2 IR -¢ -0 -2 1.0000 25,0000 -g.000¢ =-0,0(0C -0,nn0R
z & A & -0 2 -0 1.,0000 26,0000 .7000  ~0,0000 -0.020r
. [ -0 -0 L =g 1.0000 1.0000 -0,00006 =-0,0000 ~0,0700
B s -0 -0 -t 5 =2 =-1,0000 19,0000 2,0000 -g.0008 -0.0200
TTHINY
1 ? 3 4 5 <5 =0 -0 =0 -0
ITHINY
3 t -0 -0 -0 -3 -0
YIeV
1 3
4 4
2 5
7ToU
2 1
3 2
YzZrng
¢ 3
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THE

THE

~e2Q 107421
=e51R87274]0
- 40007-22
+100074 41
-e20nAce B
T
~ek3337432
LS

FEII SRR DR

THE

Je
0.
0.
Te
IR SUBNEE LD

n
T

0.
3.

Je
THe
5
«1050F+24
T
0.

Ce

«BBnBT4 0L

THF

FIML RSCYLED TYST M IS

A MATEIX IS

q
D1AR1SH]L =,14M415452 0O, «TLARF T

~«3FELE+ 0D 297J4%¢71 3, ~.80028+01

-.10007+N1 =,2S00E+00 « 11002 ¢00 O

T e 9, O,

0. T O ~2500€+02

LY Je Oe 0.

- 4250E402 0, «S0(0E+01 0,
10008401 0, O 8.
«37L07401 T, -.10C0E+01 2.

AOMATRIX IS

2

0.

.

o

ﬂ.

Ce
«1000F+01

0.

G.

H MATRIY IS

9

Te 0. 0. 0,
+10065+01 0. 0. 0.

0. «1070€E+01 0, Q.

n n, «1000E+01 O

.e70CTen1 1, ~ 10C0Ee01 O,

F MATRIY 1S

2

Do
« s 4 .

o w
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«1801E+ 34
- TT1LES L
«4375E¢02
0.
0.
0.
-+ £250E6¢03
0.
e,

0.
0.
9.
').
D.

«1500E+01
~+3E00F¢02
g.

a.

2.
0.
0.
e
0.
T.
-.1210E¢01
-.1000F+ 01
Ne

0.
0.

0.
0.

0.

0.

0.

T

Ge

J.
««000Fep2

.

-«1(00E+02

0.
0.
Te
LN
0.



THE FIGEM VALUFS OF

=T AL PARTY

~eIBT1043R7402
~«38°10L3RC4N2
~s 14R004A7T 4N
EERE LRI LEEE N

DR E-LR S LN St
-e1241807054+01
-« 16301737201
~e 72547 FLT 40N

« 920 LFXIR=ND

THe CACFFICT ENTS

WE2BITHISEH06
-e5u570F33E+08
-, 303L527R5+09
-.auwb 325784F 4009
- 1L 1ETR26E+(C
- 2193665205407

PT1IEZCRESQY

333362575404

WTR12€751€402

100 C IR

T HF

THE 7-ROES OF

ST AL PART

~oL0RT790E 402
~e 40 R37330F+02
«37539375F¢ 02
~e12398563F 401
~e17L29393E4G1
«UB8I2TEEE-0L
« EILAT2L4TE~11

THF COE FFICIEANYS OF

~ AL1552(RE-D7
«1E 740197405
-.304102%8240€
=s233231FS 406
~.1L722F65E+0E
L10837R235404
717708 c402
»10CGL00N0F+01

SOLL TATF/ NELTA AC FREQUENCY RESPONSE

e

OF THS CHARACTERISTIC

PCLL RATE/Z NELTA AC

THE NUMERATOR

FREQUENCY AMFLT TUDE RATIO
A /550 nn
» 1000 -.15460E402
111 - 148FARF402
. 1232 - 142 E3E402
. 13F8 - 13710€+402
1518 ~e1315AF 402

TYSTEM APFE

IMAGINARY PARTY

- T47117CHEC2
«3U71170€E402

-e36751121F 402
+36751121E+0¢
'Y

0.

0.

Je

(o

NUMERATOR GAIN IS

THE TCANSFER FUNCTICN ARE

IMAGINARY PART

-, 483920RCE+02
+WB83920A9E 402

0.

€

9.

[

C.

S=PLANE

PHASE ANGLE
CEFREES

«86549£402
«82507€¢02
«TB420EHD2
«74304E+02
«70173E+02
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ENUATICH ORNERED FROM THE LOWEST POWER OF S

«3498E+D3

POL YNOMI AL ORDERED FROM THE LOWEST POWR OF S



s §5AE ~. 126787452 «BEQUTE+D?

<1870 171315402 «E13L6F4 02
«20T7E ~s11EER7 422 «S7TAF4F L2

o 7300 - 112436402 «£3914554+ 02

s 2EGR “.LIRSTE 0> «53038€402
«2R179 -.1051NFe0?2 «Uu6286F+ 02
3172 =. 102027 +0? «42RA1E+02

o 3LAR ~e 7331174018 39260 F40?
3Rz “ A EALRF 01 «315983F+02
R = 74833F+( 1 .32925€+02
s 7HE -3 7113E+01 «30057E+402
5311 ~e LT REE+01 «27384FE+02
3835 = 102F4E+ LY 20902502
25040 =8912364n 2 27603E402

« 7282 ~s88124F+01 2047002

« 31602 «,87254F4+01 «1RS0LE+Q2
«4Cuo =, 354 8RF+ N1 «1E679E4+02

+ 9924 -.85811:40C1 «14982E¢N2
1,1026 - 85211F 401 «13401E+0?
1.221%9 ~BLAETTE+DL «11921F+ 02
1+ 3285 -+ B4L205F+NY +10534E+02
1.5938¢0 ~ 3 37LRESNL «32195F+ 01
1,739 e 83422401 « 797636401
1.8€r0 -+83104F4+01 «67930E+01
2eNF2L “.B282RE 01 «56612E401
2,282 ~.82590F£+¢01 «W5732E+01
245410 -.82383F4+01 «35210€+ 01
2.R206 “«B2203E+Nt +26961E+01
3.1308 = A2042E+01 +14899E¢+ 01
Jou7?32 -, A1896€ 401 49278 €400
T,8575 =s317€7F¢ 01 =+ 50526€+00
L,2818 =.31619E401 -+15151€+01
4e77°8 ~.B1L77E+01 = 25485E+401
54275k ~.31324E+C1 -«36183E+01
43559 “«811C3E+0 ~eW47387E¢01
£e5001 =.309¢5€401 ~+59255F+01
7.2151 ~«B0722€401 =«71963E+D1
8,7098 ~ A LWi43C4 0L “.85739€+ 01
B4 BR37 =.3 [105€+C1 -+10081E+02
3.9676 -« 79691 E+01 ~«11750E402
10.3530 -.793482<+01% ~e13616€¢02
12,1579 <. 7A5SKF +01 -+ 1E5726E402
13.4952 “e 77T U354 CYL -.18139F+02
1a4a3737 -. 768376401 ~.20932F+02
16 R27€E = 75667C+01 o 24207F+02
1A 4~5%5 -« 7U2F5E+01 ~«2R099€¢ 0?2
2% 4RE7 =.72549F ey -¢32733€+02

THE  Yaw RATZ / NELTA AT NUMERATOR GAIN IS -.8003E+¢01

THE 7720ETS OF THE TRANSFER FUNCTICN APE

RI AL PART IMAGINARY PART

"=+ 11A385565+07% “e16589430E+02
~« 1183 6556F+03 «1RSBILINESCD

«16ELE3ELF+03 0.
-.1000C000€+(1 0.
=« 19327576E 401 0.
-«f1133543E-02 -«55198012E-01
- E1133543E-02 «65198013€-(1
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THF CNEFFISICENTS AF THE NIUMTRATAR  POLYNOMIAL ORCERED FROM THE LOWFST POWIR OF S

.y TGI?GERTE NS
- T GHRGICENE
-, 140R37FRBESOE
-,?020651237¢08
=y ILRAALLTHNT
C23FLLE TNk
THHI2EGNTAC2
.102000COF4+01

YAW RATF /7 NFLTA AC FRENUFNCY RESPONSE S«PLANE

FREQUIALY AMFLITUCE RATIN PHASE ANGLE
RAN/ IR nA CEFREES

«107C =.213005+02 ~«13061€403
<1110 ~.13472E+0?2 ~e12982E403
1232 “.1795%€402 =+12999E+03
«12t8 ~.1EETLENO? ~«13080E+03
+1518 “. 156667402 ~«13205€+403

« 1285 ~.14500€+02 =e13364E4+03
<1870 =.13754F+07 ~o13548E+03

. 7076 ~+13010E+02 ~e13743E+03

« 2208 ~s123157E4 102 ~+130963E¢03

« 2?8558 “«11783F+02 ~e14183E403
«7839 -.11281E+02 =+ 14405E403

. 2152 -.10842E402 ~+14676E¢03

o 2698 ~,1%4¢8E402 ~s14B41E003

« 1883 =«19121F+02 -+15050E+03
«+310 -, 99262F401 ~o15249E4+03
= 7RE -.25655E+01 =+154385403
o« 211 -+ ITIISELO0L ~+15615F¢03

o 83% -.912¢0F+01 =+15785€+03
oLl ~.89360 E+01 ~215944E+03

« 7253 -, A7TH30F¢01 - 1E035E+403
«20F2 -.36039€+01 ~e16240E+03
«39u9 =~ 84573E+01 =«16380€+03
3340 -.82228%4+01 =+1E516E+ 023
1.102¢ -.A2006E+01 ~e166LIE+ D]
1,223 -.A0913E+01 -«16780E+ 03
1. Y2RS5 -.739%hEHNL =.16908E+03
1.:040 =+73139€+01 =« 17034E403
1.£739 - 78463E401 -«17156E¢03
1.258¢C =s 779237401 ~417274E+03
2e E2% ~.77510F+01 ~+17368E+03
2.7832 -.772095+01 ~«17497E403
2.50610 -, 77004FE4+01 -~«17601E+D3
24820F ~. 768765401 =+17700E+03
3.17%08 = 76B80BE+CL ~e17795E403
Yeul=2 -.7H6785E+01 -.17886E+403
3.8575 = 767557401 =+ 17975E+03
~a2R18 -, 76826c+01 +.18059€+03
we 7E2R ~.7HB873E01 ~o1B14T7E+D3
Te27%¢ -~.76929€+01 ~+1B8236€+03
LeREZQ - TE9CLE4DL =.18323E+03
6. 001 -»770ERAE+01L -.18425E+03
7.215%1 =« 771295401 =.185305403
8..388 =, 7720254C8 ~.18€43E¢03
8.,4837 =, 772785401 ~«18770E¢03
9. 4576 - 7 7355€401 ~.18912€403
10,6530 =7 T7433E+01 -+ 19074E+ 03
12,1579 - 77509%+01 ~¢19262E+03
13,4352 = 77580E+01 =+ 196ALESDS
14, 9797 =, 776405¢01 =+13750E+03
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1646275 “s776RAT401 -, 200705403

174 4660 = 77730F 421 =+ 20LBSF+CY
2L ="E7 = 777CS024 01 ~+213955F¢03
The DETA / NELTA AC  NUMERATOR GAIN IS CFECLE( Y

THZ 7 7R0C S OF THE TSANSFTR FUNCTION ARF

REAL PART IMAGINARY PART
-s3CEI13ERESCS 0.
«21081002F+23 0,
-, FAN7 022954+ 02 0.
-,07.663355¢00 Ce
~e 207 3H076F 01 U
Ryt 57968E-02 0.

THE COFFFICTIENTS OF THE NUMERATOR POLYNOMIAL ORDERSD FROM THE LOWFST POWSER OF S

«13895621F+0¢
~s161E094RE+ QR
=a25C77€17°408
-.BE€C23[0F+«D7
~.352851N6E+05

JAE2LE5E1E402

L10C00NN0F401
2ETA / DELTA AC FRENUENCY RESPCNSE S~PLANF
FREQUNCY AVPLITUDFR FATIO PHASE ANGLF
RAD/SEC A OEFREES
<1070 321885401 -4 27476E402
1110 . 37583F 401 ~+25631€¢02
+1232 «286936E+01 ~«27927E+02
oL 3FR 2HLTUE+OL ~+30356£+02
P1518 .2 33835401 ~e32901€¢02
«163F «20911€461 -+ 35542€4 02
«1R870 17515540 -.38253€¢02
«2076 «136RLF401 - 41006E+02
«220°% «J40SRT 00 - 43769E+02
« 2?5358 CLEJELTECO ~ LES10ECD2
« 2839 ~eub 25T7F =01 -, 4€198F402
« 3152 -.568212+03 -«51805E+02
« 3438 ~¢118396 7401 ~+5L308E+02
.388%3 -.1 21356401 ~e5h6885¢02
« 6310 ~.246EEF¢NY =2 589365402
L7885 -e 31643 eNt ~.61046E+02
« 5311 -+3862F 2401 ~+63021€+02
«SAA5 -e455785401 - ELREIESD2
«nChils -.52AFRE+ N1 ~«6EBQLE#+D2
« 7263 ~.60275E4C2 -+.68235E402
8062 = R7TE5E 401 ~«69T785E+02
«89u9 -.75392F+01 “«71269E402
« 9934 -.A3099F+0 ) =«72701E#02
1.1C26 =,7J915€+71 =« 7L0SLESD2
1,2239 -.8851E+401 -+ TSLY3EHD2
12567 ~.1N0692F+02 -+ 767585402
1.5040 -.11513¢402 =.768032E¢ 02
1. 6739 “ 173480402 -.79257E+02
1.8580 -.13197F+02 ~+80425E402
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EPRL AN ~e140F3Fe02 ~+81527E+902

?,7897 “e1%9332402 -.R2558E¢+ (2
2ottt -« 1LFB81BF+D? -.R1515€+02
2en?R = 1A708F+0? -.Bu297E+02
3.1308 -1 7EANRE +02 -.B8F208€+02
T,u732 ~ 185NAC+0? -+B5954E402
T,-ETE ~.l34147 002 -.BE6L3EL02
he818 =, 203215402 ~.AT2R6E+(02
+e7328 ~. 212307402 ~+87893F+02
P A -.22139E 02 ~88L476E+02
PR =.2304A5+ 02 -+ 8204 8E402
Fe30.1 - 23957F 4102 -.89624F402
7e?1%1 ~.24BESECC? =s90221E402
8,00%38 = ?STT?E402 -o.90857€402
3, 8897 - 2Rb7AF402 -+ 91558E402
9.3674 027532402 -+92353£+02
10,9530 =<2 34 AL 407 ~+93281F+02
12.1679 -»29383F402 ~.94392E402
134492 -, 30277E4+02 ~.95783F¢02
1ee®737 = J1LE7E 402 ~sITUSHLELD2
16,6275 =.32050 €407 ~+99615€402
18 + 1518 -«3292454+0?2 ~«10240F+03
20, uRAT7 -. 3317965402 -¢106035403
THZ  PHT / NDELTA AC NUMERATOR GAIN IS «3498E403

THE 7:S7ES CF THE TPANSFER FUNCTION ARE

2EAL PART IMAG INARY PART
~e40937930E+0? ~s 48392086E+02
~e 40837930E+02 « 483920995402
«37439375F 0.
=. 123985630401 0.
~e17L39397€ 401 0o
L8 PTLTESD 0.

THE COFFFTITTANTS OF THE NUMERATOR POLYNOMIAL ORCERED FROM THE LOWEST POMWER OF S

« 1S T7LEYRTESDS
~+30410210€406
“aL33€ILEBELDE
~eiL722565E+06

L1027 ¥7R2354 04

7 17793AESC2

+APP00000F+CY

AHT / DELTA AC FREQUENCY RESPCNSE S=PLANE
FREQUFNCY AMFLITUCT RATIO PHASE ANGLE
RAJ/SER nA CEFREES

1000 «4540%E+ 01 =~ 34575E+01

«111C 42252€4¢01 -+ T499B8E+ D1

<1232 +330L3F401 ~«11586€¢02

13568 V3ETO7EDY -« 15703€e02

« 1518 «32177E¢C8 ~+19833E+02

+» 1585 «28393F+01 ~+23960£402

<1872 «24304€401 -.28061F+02

2078 «1986RE+01 -.32113E+02

2305 +15057E+01 =«36091E¢02
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«9R51IAF 40N -.399EBE+(2?

WL?2551F+00 ~u3721F+ 02

~.17 3027+ 00 ~. 473258402

< 30ARLE+ND -.50762C4+02

=y 1u783F+ 21 - 54018F+02

-, 21797F+01 ~.570R2E402

= ?CNATE+NY -.50950F+0?2

~.IREP0FE 408 -.62622F+02

~ o 3E2E4 Y ~e BE10LE+D2
~.32282F+01 - ETUDGLESD2

- H03E7F 4D -«hA53I2E+02
“.h354RE+CY -2 71502E4902

-« 758455401 -.73328F4+¢2

= A5232E401 «.75024E407

~«33585 401 ~+7€606E402
~.102235407 -+ 780855402

~«110R2F 402 ~sTOUTSEX 02
~e119472402 -.80787E+02
~.12817F+0? ~.82030€¢02

- 136017402 -.83214E¢02
~e1657074+02 ~.843L5C402

~e 156535452 ~.85433F+02
-.18329%+(02 ~. 8F4BEESD2

- 172276 +C7 ~«87510E¢02

= 1ALL7F+0? ~«B88S1T7E+02
-.1300%9¢€+02 “.89514E+02
~.13902E+02 =«90512E+02

=2 20794E+0? ~+91522€¢02

~e21677% 402 ~«92555€+02
=.22678E4 (2 -+ 33625€402
=:234B75¢0? =a94745E402
~.2435LE+02 -.35932£402

~. 28237407 -.37204E402

- ?F116E4+32 =+98540E4+(2

=.2598R €402 -+10009E+03

~.2 78535402 ~+10176E+03
~.28709c+Q02 =.10362¢03
=.23551F+02 ~+10573E+ (3

- 373827402 -+10815F+03

14,3797 “«3119354C2 ~+11094F+ D1
1t.227F -+ T1983F+0? ~.11421E+013
1744585 = TET437 402 ~.11811E+03
224 48€7 “.3TILB77402 ~+12280F+03

THF  AY / OELYA AC MNJMERATOR GAIN IS «2G€2F ¢04

THE 7F&CE € NF THF TRANSFER FUMNTION AGE

RFAL PART IMAGINARY PART
=, 1212722746+ 02 ~e1501A465E+(2
- 12023271F 02 +150194ECE+02
=+ 109521815402 0.

-« 7047 1725E4¢00 ~e97429372€400

= 7071725F 401 «97429378E4(C
» 7CP346C25-02 0.

<. 10000000°+02 0.

THE CCFFFICIENTS NF THE NUMERATOR POLYMNOMTIAL ORCERED FROM THE LCWEST POWER OF S

S WWERTLE?3TeN3
£B0ILTITF40E

ORICINAL PAGH I
oF POOR QU
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W T1TEELERE 4TS
FEISLTCRELCDE
«113383ARF40E
S 10LA3LEPC+0L
CLEW1C1T2F 402
«10aC0000 40

av / OFLTA AC FREQUENCY RESPCNSE  S-PLANF
FREQUTNCY A¥ELTTUDE FATIC PHASE ANGLF
RAD/SEC 4 CEFREES

<1000 «72610E4 01 -+ 205456403
»111C «7CBUBE4CL ~¢20775€E+03
«1232 +BATLBE+0L ~s21022€4+03
1368 «6H27E+01 ~.21283E+03
«1E148 «51376F¢01 “«21558E403

s 1HHK5 -BN01XEACYL -+ 218LUES Q3
.187C «53R1L57401 -e22138E403

« 2076 +51737E401 ~.22637F403
2306 «WETSBELDL ~.22738E¢03

« 28558 WW1187c4018 -, 23036E+03
7819 +33008E401 ~+23327E403

e 3162 «28210E+01 -+23606E+03

» 3098 +20790E+01 ~.23868E+073
MELER] 2127456401 -s24108E+03
«+310 <4G7BTE+OD -+ 2U319E+03
4785 ~+31897c+0N =~ +2L486E403
o7 311 -.13070E+01 ~e24629E+03
+7 B35 - ?5488E401 ~«24T708E+03

o ESLl - ¥5373F¢N1 -, 2u722E4+03
7267 - L7574E401 ~«24E58E+ 03
«Rc? -, 2 BBLUEF 401 ~s24502€E+03

« 4949 -.£38165¢01 =, 2L42L4E¢03

. 3930 ~.870005+01 =a23886E¢03
1.1026 ~.AE8T4LELQL ~o234L2E403
1.2239 ~.9€0405+C1 ~52294T7E+03
1.3898 -« 10140E+ 0?2 =~ 22646503
1.7020 -.10620E+°2 -a21976E€403
12739 -.10792E+02 -+21566C+03
12530 -.11012E+N2 =¢21222E403
2.0€20L -.11222E¢02 =s20934E+03
2.7R842 =1 14ELEN? -.20687E403
2e7 410 - 117235402 -+20461E403
2e8206 -+ 12035E+02 -, 20238E+03
T.1308 -,123R7E5+402 -.20002E403
3ew782 - 127728402 =+1974NE403
3.9578 =1 3182E+(2 =«19442E+0]
we ”818 ~+13603F 402 =+19098€+03
4we?7528 ~.104023€402 -+18703E403
3.27%6 -e14430E402 -+18251 €403
5.85%%9 -,148105+02 =+ 17742E+03
6.3001 -,13150C+C2 ~«17168E+03
7.2151 -.15436F4+02 ~+16523E+03
3.,008% -.156565402 -+168275403
A. A397 - 157985€+1? ~+15059E+03
9,°€76 -.15838E402 ~+14227E+03
10.3530 -.15765€+02 ~¢13331E+03
12,1579 -, 155525+ 02 ~a12375€403
13,4952 -.15169C+C2 ~+11365E+93
16,9737 - L4577E402 ~e103175403
15,5275 ~e1373LE+02 -+ 92598E+02
1R, s GEE ~.1?605E+0? ~.820403€402
20.43F7 ~s11175E+02 -« 7324b0E402
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THE ROLL ~ATE/NELTA RC NUMFRATOR GAIN IS 1801404

THE 7 _POFS OF THE TRARSFTR FUMCTION ACF

RZAL PARY IMAG INARY PARY
=+ 106370005+ 7 ¢ 0.
~e25707000F 02 0.
+E1123953E401 0.
-.1050C000F+0" 0.
- ISP ETILESN b
-« 14230276F=-¢2 0.

THE COCSFFICIENTS OF THE NUME RATNR POLYNOMIAL ORCERFD FROM THE LOWEST POWER OF 3

“.7S08e0A0FE-09
3S243CRC+04
75620 14C+00
=e12645209%¢ 04
«1RJELI2BE402
«33239(02785402
«10000000€+01

PNLL RATF/DFLTA RC  FRIOUENCY RESPCNSE  S=PLANF

FRENMISNAY AMPLITUDE FATIO PHASE ANGLF
RATZGES na NEFREES
«1136 ~e17819E¢C2 ~429895F+02
1110 ~e1 79755407 =s31742F 402
$1732 ~.131€2F+0? -+337a7¢4 02
» 1368 -e 133837407 ~o36047E+02
«1818 ~e 186422402 =«38473F5+02
1648 -+1839L1E 402 ~J41056F¢02
«1R70 ~.1928474¢0° - 43THTEHD2
2076 ~. 13672402 ~+4ESTTE+D2
» 2378 =2 3106€+02 = bI56€¢02
«2ER8 -.20585¢€¢02 -.52371€+02
«2A39 -.211095+02 -455293F+02
» 3162 “:21b7REST2 ~+58193E+ 02
. 7498 - 2228432 ~«61051E¢02
3883 -.22927c402 -« 8I849E+02
w310 ~.23603F¢0? -.66577€+02
o 4 78E =2 243107402 -+69232€+¢02
S22 - 2E042F 72 ~o718156E402
28938 =.237¢85402 -+ 74337E402
e Clhy ~.?&57UES0? ~+7HBOSE+D2
7273 -.27371E407 «79232E402
A 082 ~.?3187F+C2 -+ 81631E+02
«PCQua ~«29022E+0? ~.84010E¢02
«3034 “s2987HE+02 -+ 86374E402
1.,107€ - 307527 +02 -, 88719E+02
172729 ~.316497402 -+91035€+02
1.%285 -.326€8F+C2 ~.93302€¢02
1e2080 =»33507E402 “495432E+4 02
1. £739 =2 344637402 =2 37574E+02
14530 =« 33431E402 ~¢99511E€¢02
PeiR20 ~. 364045402 =.10127E+03
2892 ~. 373735402 =+10282E+ 03
225410 -« 383275402 -+ 10413E+03
2432086 =+ 392E3E407 -+10520E+03

OR
op LV

4

POOR PAGE
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e 128
Tau?°2
YA
4e7818
be7C7R
52758
©.1eva
€.7001
77151
847348
844837
G.8K76
10. 3830
12.1579
13,492
1w 497937
1€,4527¢
13, 6LEFF
204 4467

THE ZER0OF . OF THE

THE

.+ 1L LIFe0?2
-+ 13765402
= 417425402
~ w2423 0402
-~ LT)TRF4ND
~e 433477402
-, 439425402
—. e d2325 402
oMby NTEST?
~ bbbl 02
=~ baleIN 402
=ewl2177407
~e%39167 452
~+43H9AC+0?
=~ +29ERF +(2
=, 423246+07
- L1STEF 02
s L7267 40 2
= 33TRANE 407

YAW RATE /0FLTA RC

FEAL PARY

-.10000000F+01
~. 1574 1129F 402
-.15781129E4+02
=4 10220000%¢127
-, E7E2 3717701
- £7:237176-01

-.1M600E+03
~.10653E+03
-« 10680E+03
-.106825¢07%
~.10€58F¢03
-+10611€6403
~+10541E403
~+1DULUIEHOT
~e10337£403
~+10208E403
-.100635+03
~+9%9091F+ 02
=.97508E402
~.95962€¢ 02
=2 3UL555€402
-e 9706135002
~+92700€+02
-.926245¢02
=+93459F+02

NUMERATOR GAIN IS -.3714E+QL

TRANSFER FIUNCTINN ARE

IMAGINARY P2ARY

0.
~e245575u5E+02
e 245575L5¢F402
Oe
-¢1681690€E+00
«16816906€+00

THE ROFFFITTENTS OF THE NUMFRATOR ©OLYNOMIAL ORDERZID FROM THE LOWF ST POWER OF S

FRENL NCY
RED/CIC

W2777TTTAS40]
«1LSHEBART+0L
37951415604
077917000400
120438625404
222973067402
JILCC0970%+01

vow RATE /OELTA PC

FRENUINCY RESPONSE

S=PLANF

AMFLITULF RATIOC PHASE ANGLE
14 DEFREES
.19°0 -« 1308KE+D2 -.90021 €402
«1110 -.206245+02 -+86331E+02
1272 =, 220218402 -.81386E402
J13FR ~.23317E4+02 ~.TLU58E+02
»171R - 24 BPREO? ~.65099E€402
«169F ~.259205402 ~¢53317E402
o1 270 - 253C7E4C? -, 40252€+02
«727F -.25274E4+02 ~+27954€E402
2305 -.25723E402 ~+18026€+02
«?3FR ~«24978F+02 -.10859E+02
ARG ~.242067402 -.60623E+01
« 3157 ~s2I4BSEC0? -.30534E401
34018 -.228485402 -+13528E+01
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TRR3 =2 23023802 LR R AT TR Lk

eeapr S 1851700 - UEEBRTE+D "
o748 ~ 216875402 - BEW25E401
PR B =+ 21150Fe0? ~a16181F 401

. 89R -.218837402 - 2¢800E+ 01
CrEat - 206407472 -.398957401
ETH] -.?28268407 -.55104E401
ROA2 S 20419 £402 -.72233E¢01

. 949 - 203565402 -.91100£+¢01
ety - 20341F 402 - 11153E407
1.112% - P037uE+ 12 -, 133326402
1.7239 - 204875402 ~ 15€20E¢ 02
1, 3c8c -, 205055402 -.17992€E402
15940 - 2078RF 402 -, 203775402
1.€7%9 - 213395452 ~.22753E407
1,850 - 213476402 -.26057€402
2.0624 — 21717 EeC? -.27234F407
?.78092 - 221308407 -.29228E+07
205410 -.275375 402 -+30986E+02
2.R20¢ - 2 TLNAT 4GP - J2463E+02
31,1308 -2 1657F 402 -+ 33620E+ 02
30702 - 742375402 -.34423E402
3.3s78 -, 748395402 - 34851E402
w2918 - 2FR57E 402 ~.34885E407
Lo7t28 -.220R35402 ~. 345186402
S.o73E -.25710402 ~.33748E402
f.4zf0 - 273TE0? -.32580€E¢02
Lav 001 -2 79615402 ~.11025€4 02
7.2151 -.285375402 -.29099E+02
£.7088 - 791045402 -.26822E402
a, 8897 -.2036405402 - 2u217E402
9, rETE - T01ERZH07 -.21307€+02
13,950 - 10657402 - 18114E40?
2.1579 - 311155402 -~ 14655E402
13,0052 -, 315403402 -.10941F402
1u,9797 -0 11927F 402 - 69774ES DL
16,6275 - 3P2€5E402 -.27779E+01
18, w560 - 37535F 402 +16525€+01
204 RS7 -.327052402 . €2035E401

The  acTa /79TLTA O NUMERATOR GAIN IS L 4375£e02

THE 7°ROES OF THEL TRAMNSFER FUNCTION ARE

RI AL PART IMAGINARY PART
-.1C000000E¢01 0.
o ARDPT FRLGERC? 0.
-2 15F64379F+02 -2 24552 RB0E+02
~e 1566 4L379E 402 «2LES288RF402
-.10000000F+C? 0.
«»38P3LQCSZ-02 0.

THE COEFFICIENTS OF THE NUMERATOR POLYNOMIAL ORCERED FROM THE LCWFST POWER OF S

- «2R287C 3T+
ST2L4PO157C40E
»R3510€137+406
s112R74L29c 408
euBIEGRITE ST L
W127R02212402
100000002401
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P T /NELTA RC  FRENUSNFY RISPONCE  S<OLANT

FREQUSANY AMPLT TUNE RATIN PHAST ANGLE
RAD /TN na DEFRESS

IR ~e 746107 ¢01 ~.2083)E403
1180 ~.7%332F« 01 -+ 210404E+03
«1232 ~.7788LF 401 ~e21278E+03
1258 ~«30119E+0t ~221629E+03
21218 - 8273465401 -.21793€403

o LEAE - BITERCA Y ~.27081E+03
<1871 ~«332205+01 -.22378E+03

« 2075 ~. 93139F¢01 -.220680E+03
2307 ~e17526F401 ~.22997F+03
«2€58 =.10238 5452 =s23314E403
283 -.10770¢4+C2 “«23E3I3C403
3182 ~.113LAEeN2 ~s23951E+03

« 3458 =~ 119€47402 =1 20265€¢03

s RRAX ~.172622F 4352 ~+2L576E+ 03
=310 ~.13315%+02 ~.2L882F403
e 78F ~e14042E¢02 -e25182€¢071

« 531t =.1L7997 402 ~e25L4785403

« 7895 ~.1558KE+(C2 ~+25770E+03
el -el 5417402 ~.2€06L1E+03
«72¢3 =e172U3E402 ~+26350E403
Lblyd -.1311R%402 ~e26640E+03
NLECY ] -e133232402 -+26932F+03
«9330 =.13359F¢32 «A77L4LES 02
1.1026 ~+27Q3IREHD? «84LT785F402
1.72%9 =+219ECF+02 «81819E+02
143845 -«23029€+02 728715402
1.93¢C -, 24150E402 « 75973E+02
1.4+779 =, 253237402 «73167E402
1.4290 =« ?6562F+02 +70502€+02
2e2E20 =2 7834F 402 «€EA023E+02
262347 ~.291E7F4N2 +65796°402
230110 = YNS4LT7E402 «6X855£402
2.820F -.31979F+02 «62250E+02
3.1308 ~a334296+02 « 610176402
Jou?T2 ~.3u917E432 «60183E402
3e867E -« TEL28E+T2 «5CTB6E+02
L.2818 =.179E7F 402 «5C827€402
4.752R =~ 3948LEML? «60321E+02
542756 ~.+ 10165402 «E1270€002
CaREHG ~ee?234154072 «62671E+02
6.70C1 “e 44063402 « EL5L6ES02
7.2151 = US55LKE 402 «66791E+02
14,0048 - 470175402 « EATIEH02
848837 “s43460C4N02 2« 72562E+C2
F.RE7H = LIBTHELD? « TEQ20E 402
19.9530 =+31256540°2 «79836E+02
12.1579 ~.5260LF¢0? «83993E+02
12,6352 ~+53315%+n2 «BESQ4ESD2
1-.3797 -e55318%7+02 ~+26665€403
16.€27¢ -.56398E+02 =+26146F4+03
18,6 3RE -5 75385402 ~+25595€¢03
20 awRET -.58673C+07? -+25020€403

THE PHI /NELTA RC NUMERATOR GAIN IS «1EB01EOL

THE 7-ROES QF THE TRANSFER FUNCTIQON ARE
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TULL PARY IMAGIMARY PART

~.10091000-+01 C.
W F112397717 401 2.
=« 2°030000°¢92 0.
~s 3TL7RTIIF4NY 0.
-. 1000300037 ¢27 LIS

THE TOCFFICIENTS NF THE NUMFRATOR POLYNNMTIAL ORDERED FROM THE LOWFST POWFR NF S

S ETI2LINRI4NG
7EL2T1LF el
S12€LE2(RE DY
C1EGELD2AT 401
.337902745402
SUBTE0200E4CY

auT /IFLTA RC  FREAUENCY RESPONSE S=PLANF
FREJUAINNY AMPLT TUDE RATIO PHASE ANGLE
RAD/CFC n3 CEFREES
<1750 .71805E£4+01 -+11993E+03
<1114 «11181EF4+01 ~e12175€+03
1232 «24909E-01 «.12380€E¢ 07
1 1FA - 1102€2401 ~«12605E+03
1718 =.2267F4¢01 ~.1284L8%+ 03
21616 = 347367 401 -«13106E+03
1370 -4 7276F+01 -+ 13377E+023
$2075 ~.501€7F¢01 -.13658E403
A ~«735¢8F401 =s1396456E+03
2 56R =3 74275401 -+14L236€4073
2830 = 1U17%72402 ~¢14530E+03
5152 -.11647£402 -+14820E+03
o 1498 =1 31ADE+D? ~«15105€¢03
« 3883 147117 ¢07 ~. 153860403
Pu310 -, 1623LE+C? ~e15658E+03
e 788 -+ 179067402 ~+15924E+03
< -.1954524C2 -.1€182€403
5258 =, 212077402 = 164T4E403
CEUL ~.22821c402 ~.1¢681E+03
7252 - 2065942402 =+ 16924E4+03
«B0R2Z -.?256316F¢07 =1 7164E#03
«A9u9 -.2R057F ¢0? -s17L02€E403
ARERIY 25819792 -+17638E+03
1.112¢ ~.T1E01E4N2 =.17873E+03
1.2739 -. 3300460402 ~«18102E+03
14370RC -.32230E4C2 =.18328E4+03
17170 -, 370757402 ~+185LTE+ 03
1.£779 -. 389387+ N2 ~.18755€¢03
1433480 ~.+08312E402 =+18949F+03
241676 -. $2692F+02 =.191257+03
?.2892 - .wUBETE+D2 -.10280E+03
2. °41C e 2L27%4 022 ~«19411€40%
2 JE20% ~JWH2F0E4L2 ~«19518E¢ 03
3.1218 -+30053E+0? -+19598E+03
Je?n2 =, 31793402 ~+19651€E+03
31,3578 “e5364ERTH2 =+ 19673E+03
Lel318 =.33065E40? ~+19680E+03
4e7528 -.5n575F 402 ~+1C656E+03
T.?27%6 =.57Gf77 402 -+19609€£+403
L7500 «.392945+02 -+1€539E+03
e l0ML ~sBNLGLE+"? ~«19LLTF+03
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7.7131

~eH15F1E+02

~+193352403

R.GA8A -eH2F3HE40? =.19206E+01
8.,R357 ~.hITFTEL(? = 160615403
J. ELTR EEE-TS SR S i -.1°307€+03
1343530 ~.RaTERTHN? -, 1R7L3E+03
12.1579 LI en? -+1A594E+03
13,4977 =570 402 =+ 154535403
“e3707 “eAERILFAN2 ~+1°3319F¢ 13
1f.4.677¢ =5 39Q9PF 402 ~+18268€+03
18 o 45EC ~.hEQLARESLC? ~+1P260E+ 03
2044387 = 35009 40?2 ~s1R3LLECD3
THE  AY /NELTA RPM NUMERATOR GAIN IS -.1€E71E+05

THE Z:IR0ES OF THE TRANSFER FINGCTION ARE

AIAL PART TMAGINARY PART

=+102703002+08 0.
-e19t531u7F¢02 ~s TEI96151E402
=e 1905147 C 400 «3639€1C1E+02

~e422512R674 00 0.
e 50373431502 0.
=e 1003700002 0.

THE COFFFICTENTS OF THE NUMERATOR POLYNOMIAL ORDERED FROM THF LOWEST POMFR OF S

~eXIEETISTE4L2
709045245400
«2511EHR2E40C
220111111E405
W1 742719E4G L
JEQT23320E02
.10000000F+01

Ay /DELTA FC  FRENUENCY RESPCNSE S-PLANE
FREQU-ACY A¥FLITUCE RATIO PHASE ANGLE
RAN/SIC 18 CEFREES
«too0c <4 3R35C401 -e142732E402
<1110 «42771E401 = 15074E4+02
1232 «31576F +01 ~.15968€402
12 +L007SE+CH ~+16893€+02
+ 1318 »IB40F E40y ~.17846E02
«LEBT -35508F+ 01 =+18785E402
»1870 2354036401 -.13692F402
«707€ «32102E+21 ~«20542Ee 02
$ 2305 «29630€401 -+21310€E¢02
«2578 » 2 7023E401 =+21978E+ 02
2839 «2L328E401 -+22533E+02
3132 » 215935401 =+22969E4+02
LR «19873C+02 ~+23293E+02
« 1483 152467401 -.23520€+02
=310 C13EE7T401 ~e23674E+02
L 785 +112€8E401 -.,23787E402
211 «INQSSE+QD ~+23899E+902
ELEL «39117€+09 =o 2U0LIESD2
o ESLL «+9611€+00 ~e24280E+02
. 72€3 «31211E+ 00 ~o 246295402
L +»1346NF400 =+ 25123€+02
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«8S09
« 3937
1.132%
1,227
1o 32RT
1.33A¢C
1.,2739
1oAY
2eNE”L
.?Rap
S )
Te+ 278
T.135R
3vu?n2
Tonl7e
we2RyPR
Le7:504
TeP7CF
T 1559
A 001
72151
Ae00nt
8,887
FenF78h
15,352
1241579
13,6072
tu,a737
16.€275
14,9588
20enfz7

9N

TH TEANSTTTION MiT2TX

q

v 3126C-01
= 227ECF 400
- 4?RE2F +0Q
=.AL773C 40N
-3 3RLTT 4N
< 11348Eeny
- 121186401
-, 1HA227 401
-.229725+01
~. 21381 E 408
~.32ZF1C401
=e 37332040
~ew 362154018
-1 1556C401
-« 576997 ¢ 01
=e518C10+01
- QA75AF N
—e T a3277 08
-.a0713c4 0t
~dAn7e1FEent
- 126047401
=JIR2NSC 60t
-.1173637 402
-~ LR T7F N2
- 113227,
- 1177A5402
-, 121997402
-, L 2RART $ 02
=.179757¢°2
-1 33607402
~,13€973402

<

35855400 =,730F7+00
e1 7347421 2G5 30 ¢
- LELEF-TY =-,3040 -"1
W2u287 =01 = 3TAL- =17
~e1QuZ2°-01 1528 =01
=.2%227 =01 - 2R 0--131
~eFh 3505400 o 1310740
W2L23E-01 «TURTE-0Y
«33FQ7¢lN e 47297400

TIME ROLL ~AT<
C. 0.
JENO0F-01 209711
P SOhLE 24 «129-¢M1
« 1705+ 0 JR1CT400
2530 4NC L3030+
2237 e 00 o1 LOTe02
CTLOTH L «7330 32
e 35076030 36174033
<407+ 00 P11 777490
47N+ 00 BT+ 004
JE0CFeCO L2G7425
3706400 21174086
» £0074+00 «1043+07
LET 17+ 00 2117407
W7 30reMM W2S1Z¢08
$770%8 00 124" +09
«R0OJF ¢N00 FO8C+0G
AT #0D 2095410

11 TERMS

-e4u30%+ G0
«3737€400
L C7ANE]0

~elu12z-04
«184AF=-01
187°3F=- ]2
«5h13F=01
«17£07-71

=.23172F-31

YaAW RATS
9.

- Z25E-01
= 4156400
~e?19E+01
~e 1105402
~.54725402
L, 267F+ 2
EER B 8- N
o ALSE+DL
-, 1175+05
~s156F¢N6
- 7F8E4 06
-+ 37RF¢07
-.176F+08
=.314F¢08
- L4E0Fe]9
-.?721€4+10
-“.109%+11

~.2F802F+02
- 2FREFR5F+ 02
- 27717E402
-e299u75+02
-a30331LF¢02
-.31830F+02
-.33400€¢02
-.3L9ABE+02
=.36532F+02
~.379R2F¢02
~.39281E+02
- 401383E2402
~«41246F+02
~.,41838F¢32
“s42134Fe 02
-e 421135402
-41787€602
~sl1163E+02
- 4D1RTESO?
-« 35947F+02
=+ 3744 TES02
-.33721F+ 02
-+33810F¢02
~+31762E402
=.29631E402
-«27476E+02
~+2532E402
~s213617 402
- 21552F+ (2
~.20031E+02
~s18314F 402

«9217€-04¢
-.2360€+00
«1148E-01
«1004E+ 01
~+2052E-02
« T461E-02
+»1186E+00
-. 72802
=.542uF =01

RET A
0.
.132€-02
»150E=-C1
«301E-01
+4585¢00
26N
«11554 02
«SHBEL02
«2R0E+03
«137E+ 00
JE7EESQL
«32324+05
1645406
+ 8152406
«39EE+ N7
«135E¢08
«958F+08
«L71E+ 03

+ILSBE+DL
«628GE+ (1
~e1452F¢00
«204EE+ (L
+3643E-01
~. 11725400
~.%957€401
«6630E-01
«1974F+01

PHI

0.
«293E~-C23
«JYEC-02
«191€-01
+950E-01
«LBRESOL
«230€E401
» 1136402
«S57E+02
«274E402
«13EFelL
BRI 0L
«J2€E+0C
«160E+06
«7R9E+DE
+«388E+07
«191E+0R
»333E408
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«656TE+02
=+ 2055€E+02
«TLTL1E+01
«1766E 401
-s2376E+C1
«1706E+01
«S005E+02
~obBLREHOL
-, 2226E¢02

Ay

0.

-+276E¢00
~s250E401
= 137E+02
-«692E02
~+343E+N2
-«163E+04
~aB830E+0Y
-.408E+DS
-+201E+06
~«988E+06
~<4LB6E+07
~s239E+04
-+118E +09
-«5TAE+QS
~.284E+10
~«140E+11
-+688E+11

«1036E+04
~.2887E¢01
«8€79E-01
«2086E-01
=e3029E-01
+2922E-91
«6BCIEDD
-«51A0F-01
—e2LuLF¢ (0

DEL TA A€
=0.
-0.
-0.
-0,
'Uc
-0.
-0.
-0.
-0.
-0,
-0.
-0.
-0.
-0.
-0
-0.
-0.
-0,

=42057E-01
«5130E-01
-+$306€E-02
-+ PAABE-03
«4516E-03
~o7784LE-03
~e2824F-01
«9519€+00
«3121€=-732

DELTA R
«100E¢ D1
»A100Er Q1
«100€+01
»100€+01
«100€+ 01
<1008401
«100E¢ 01
«100€+01
«100E+ 01
«100€E¢01
«100E# 01
«100F¢ 0%
I00EX 01
«100€¢01
«10G0Es 01
«100E+ DL
«1J0E+01
«100€¢01

«7287E¢CO
~+194T72¢01
WL717E-01
«1C55E=-N1
~.1€28E-01
«PEEEF-01
«8GL3E+00
=+25N1F-01
«4903E+00



<9007+ 00
«9FTFELT
»1007+0¢
s 105F 40
21105401
«115F 41
«120F¢ 08
L1287 ¢ 01
L 1303408
«135F471
1607401
1465401
«1°0E+C1
« 10956401
«1-0E401
«15F5401
+170F+01
P 175F 601
C1RE4CY
«12855401
«19054+ 01
s 19€T401
P 203F4+ 01
« 2055401
22105401
£ 2156401
«273F 451
« 2755431
$ 2308401
2357401
e Pul=¢Tt
245451
« 2575401
255F¢ny
W2 TH45Y
f2E5F e
e 2707¢ 01
WP2TETENY
«2005¢01
« 2857401
«2907+01
2959401
e 3705+ 21

«14754+ 14
7245418
«3FEFL12
»1750413
«9E17¢ 13
WL24T 01
«208F 415
<1027+ 16
«TOLT 1B
PURTE17
»122:+18
«FO0Ze 18
. 7352419
+ 165420
«714re2g
«351:02%
1735422
JRED-+22
4187473
«20F 420
2 1N1T¢ 25
WLC77 425
«2LEE 25
o120-4+27
+5Q27+27
«281-¢28
JJLTITe 79
«70€7+29
«347-430
L1797 ¢34
2R3 ¢ 31
JL127¢32
«OC 34 3T
L,Q087 ¢ 13
P R T8
«L1Ee 6
«1197+36
FRLEE 38
247437
«1417¢38
+h95%4+ 38
23427439
S 1FB7+40

=e3?3c411
~e2837412
-.128%413
-eh37€413
=e3135410
=.154F+15
—e7E8E 415
~e373F4 16
1837 4+17
~eAC2F417
o bifc e
~«218€+19
- 107F¢?20
~+528E¢20
~.260E+ 21
~.128E422
-, K285422
-« 1N13E+22%
132424
-, 7LBE+ 2L
~.1ARFe 8
= tALEePE
=e330Fe26k
- 438Fe 27
~e2157428
~e 1987429
~«521E+29
-.2567 4120
-. 17684 3¢
~.620F¢31
- 3554 X2
= 150F+33
- 73IRE+13
~. REJFe Ty
“.17QC4 35
- A7AF+ 35
=l 32E+ 36
~a ?13F¢ 17
=.105€+3R
-e 145+ 38
~e253€¢39
-ae126F ¢kl
~eH125 44l

2232541490
«1lufe1t
«5R1E+1L
W27BE+12
«1T6F+13
JEETESLY
«378E* 1k
«1F1E+15
T AGESLS
+» 391€¢ 16
v192+17
«IuSESLT
CHESEE 18
2 279E¢ 19
«112E+20
553520
« 2725624
«134F+22
«309F+22
e 3uFe 23
«1S9E+24
TREUF 206
«3BEE+2S
+190E+?26
«913E+26
595827
s 2:hFe 28
oliLlE®29
« 5465429
«2€9E30
+ L2847
<65 0F+31
«320E¢32
« 1678433
«7735433
«JA0E+Ty
«187E+ 35
+ 9208+ 35
24536436
«223E437
» 110E+ 38
5395438
«2H65F ¢339

LY R
2278410
S112E¢12
+550Fe11
27DE€L2
J133E413
JESLE413
L 3228014
«158E+1E
«?7TBESLS
«383E+16€
«188E+17
«G2EE+17
CUGEECLS
» 224E LS
«110€+20
»542E+20
«28T7€+429
«131E422
P ELEE422
«317E923
» 1GEE420
«TERES2L
+X72E42S
1865626
«91UES2E
«U50E+27
J221E428
<108E+2¢
«53EE+26
«?BIE+3D
«129E4 31
«B37E+38
«313E+32
15UE+33
«758E433
WITIELIN
«183E+35
«902€E+3¢
s ULUECTE
«218E4+37
«107€438
+528E+38
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~+339E+¢12
~+1ETE+13
=813 E+13
~ouN3JE+LG
~+198E+15
-.975E+15
-o4BOE+LE
~«236E¢17
-~.116E+18
~.571E¢18
~.201E¢19
~e138E+20
-.679E+20
~e336Ee21
=« 6LE®22
~+808E+422
-.398€¢23
~e196€¢24
~.962E+24
- 473E+25
~e233E+2¢
~o114E+27
~+563E+27
~.27TE+28
~.136E¢29
~+6T0E+29
~«330E¢30
~+162E+31
~.798E¢31
~+392E+32
=193 E33
=+ 949E+31
~LETE+3IY
=«230E+35
~«113E+3€
-.556E+36
-«2T3E+37
o134 E+32
-.661E¢38
=+325E+39
- 160E440
~787E+4LO
~«387E4041

-0.
~0.
-0,
-0,
=0,
-0.
-0,
-0,
-0.
-0,
-0.
=-0.
-0,
0.
0.
=0,
-0.
=0,
=0
-0.
-0.
-0,
0.
=0.
-0.
-0,
-0.
-0,
-0.
-0.
-0.
=0,
=0.
-0.
=0,
-0.
=0,
0.
-0.
=0.
=0,
-0,
=0.

»100E+ 01
«100Ee¢ 0}
«110E¢ 01
«100E¢01
«100EC 0L
«100E¢ 01
«100E+ 012
«100E¢ 01
»100% 404
«100E+01
+100E+01
«100E» 01
«100E¢ 01
+«100CEe 01
«100E¢ 01
«10020 01
«100Es 01
«10CFr 01
«100E¢01
«100Ee¢ 01
«100E¢ 01
«100Ee¢ 01t
«100E¢01
«100E+ 01
«100Ee0 01
«100E0 01
+100E¢ 01
«100E¢01
«100Ee D1
«100Z¢01
«100E¢ 01
«100E+ 01
«1005+ 01
«100E+ D1
«100E+ 01
«100E¢ D1
«100E+01
«100E+ 01
«100E#01
«100€» 01
«100E¢ 01
«1%0Ee 01
«100E+01



TABLE 1. CONTRCL PROGRAM ANALYSIS CPTIONS

CAONTINUOUS SYSTEMS
OPEN AND CLCSED LCOP SYSTEMS
TRANSFER FUNCTICNS
FREQUEMCY RE SPONSES
POWER SPECTRA
TRANSIENT RE SPMNSES
ROOT LNCUS

DISCRETE SYSTEMS
NPEN AND CLOSED LOOP SYSTEMS
TRANSFER FUNCTIONS
FREQUENCY RE SPCNSES
TRANSIENT RE SPONSES
RUOT LOCUS

SAMPLED-DATA SYSTEMS
OPEN LOOP SYSTEMS

(S—-PLANE)
{S—PLANE)
(S-PLANE)

{S-PLANE)

(Z- OR W-PLANE)
{(W— CR S-PLANE)

(Z-PLANE)

STANDARD OR PMODIFIED Z-TRANSFER FUNCTICNS (Z- CR W-PLANE)

FREQUENCY RE SPCNSES
TRANSIENT RE SPUNSES

OPEN AND CLOSED-LOOP SYSTEMS
STANDARD Z-TRANSFER FUNCTIONS
FREQUENCY RE SPCNSES
TRANSTENT RE SPCNSES

ROOT LOCUS

SYSTEMS MAY BE DEFINFD 8Y,

1. MATRICES {LOAD)
2. PARAMETERS (MATRIX)
3. BLOCK DIAGRAM {CLASS)

4, COMBINATION OF (l.,2.) AND (3.} (MIXED)

211

{W- OR S-PLANE)

(Z- OR W-PLANE)
(W- NR S-PLANE)

(Z-PLANE)



TARLE TT CONTROL PROGRAM JOB CONTROL LANGUAGE AS OF 11-1-74

JO8 CONTROL CAROS FOR
STANDARD CONTROL RUN
WITHOUT SOURCE DECK
WITHOUT PLOT TAPE

JOBN,CM7220L 4 THL777.
ATTACH(JUWELIS, ID=JWE,PH=AD0Y MR=1)
ATTACH(OVRLY , ID=JNE?
SEGLOAD(I=CVRLY)
LOADCJHELINR)
EXECUTE.
789 PUNCH
DATA
6789 PUNCH (YELLOW CARD)

J0B CONTROL CARDS FOR
STANDARD CONTROL RUN
WITH SOURCE DECK
WITHQUTY PLOT TAPE

JOBN,CM720CC ,TL777,
ATTACH(JWELIB, ID=JWE,PH=ADDY,MR=1)
FTN(LR=OQUTPUT)
REWIND (LGO)
COPYL (JNELIB,LGOy JWE)
ATTACH(OVRLY , ID=JNWE)
SEGLOAD (I=0VRLY) ~
LOAD(JWE)
EXECUTE.,
789 PUNCH
SOURCE DECKS
789 PUNCH
DATA
678S PUNCH {(YELLOW CARD)
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JOB CONTROL CARDS FOR
STANDARD CONTROL RUN
WITHOUT SOURCE DECK
WITH PLOT TAPE

JOBNyCM72000 s TLT7TTLNTYL,
ATTACH(JWELIB,ID=JWE,PH=ADDY,MR=1)
LABEL (CARD) SEE DESCRIPTION
ATTACH(OVRLY ID=JNWE)
SEGLOAD (I=OVRLY)
LOAD (JHWELIB)
EXECUTE,
EXIT.
BKSPIINPUT)
ATTACH(PLOTRC s I0=JHE,PW=ADDY,MR=1)
LOAD(PLOTRC)
REDUCE.
EXECUTE,
7349 PUNCH

DATA
PLOT CARDS {(SEE OESCRIPTION )
678<¢ PUNCH (YELLOW CARD)

J3B CONTROL CARDOS FOR
STANDARD CONTROL RUN
WITH SOURCE DECK
WITH PLCT TAPZ

JOIN,CM72CC0 4 TU777,4,NT2,
ATTACH{JMWELIB,ID=JWE,PW=ADDY,MR=1)
LABEL (CARD) SEE DESCRIPTION
FIN(LR=QUTPUT)
REWIND(LGO)
COPYL(JWELIB,LGO,JNWE)
ATTACH(OVRLY, ID=JHKE)
SEGLOAD(I=O0OVRLY)
LOAD(JKWE)
EXECUTE.
EXIT.
BKSPLINPUT)
ATTACHIPLOTRC, ID=UWE,PW=ADDY,MR=1)
LOAD(PLOTRC)
REQUCE.,
EXECUTE.
789 PUNCH

SQURCE DECKS
789 PUNCH

DATA
PLOT CARDS (SEE DESCRIPTION )
67859 PUNCH (YELLOW CARD)
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JOB CONTROL CARDS USING UPDATE FILE ,
WITHOUT PLOT TAPE : =~

JOBNyCM72L00 . TH777.,
ATTACH{(CONUPF, ID=JHWE ,PH=ADDY MR=1)
ATTACH(OVRLY,,ID=JNE,MR=1)
UPDATE (P=CONUPF)
FIN(A,I=COMPILELR=()
SEGLOAD (I=OVRLY)
LCADI(LGO)
EXECUTE.
7893 PUNCH
*IOENT NAME
UPDATES
*COMPILE CONTROL.SUBSCL
*ENO
789 PUNCH
DATA
6789 PUNCH (YELLOW CARD)
JO3 CONTROL CARDS USING UPDATE FILE
WITH PLOT TAPE

JCBNyCM72i500 4 TL7774NTL,
ATTACHUCONUPF, I0O=JNE,PH=ADOY,MR=1)
ATTACH(OVRLY,ID=JWE,MR=1)
LABEL (CARD) SEE OESGRIFTION
UPDATE {P=CONUPF)
FIN(A,I=COMPILE LR=0()
SEGLOAD(I=QVRLY) ~
LOADILGO)
EXECUTE.,
EXIT,
BXSPIINPUT)
ATTACH(PLOTRC, ID=JWE yPH=ADDY MR=1)
LOAJ(PLOTRC)
REOUCE.
EXECUTE.
733 PUNCH
*TOENT NAME

UPDATES
*COMPILE CONTROL.SUASCL
YEND
739 PUNCH

DATA
PLOT CARDBS (SEE OESCRIPTION?
67893 PUNCH {YELLOW CARD)

papagrgpipsr sy r e T R YR R R TR PR R TR R Y TR Y R R R R R L L L L L Rl Rl LRk o o

THE UPDATE FILE CAN 8Z USED YO MODIFY SOURCE ROUTINES IN THE CONTROL
PROGRAM, UPDATES ARE USED TO INSERYT OR DELETE CARDS OF A SPECIFIED
SUBROUTINE., EXAMPLES OF THE UPDATE DIRECTIVES CAN BE FQUND IN THE
UPDATE REFERENCE MANUAL, THE SOURCE LISTING FOR THE CONTROL PRCGRAM IS
CONTAINED IN ROCM 2115,
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OESCRIPTION OF LABEL CARD
cC1
LABEL(TAPEE s Wy D=HO JL=XXXXXXXXXX s VSNSYYYYI¥RING IN¥*Z77%%
XXXXAXXXXXX=YOUR LABEL
YYYY=VOLUME NO., OBTAINED FROM COMPUTER ROOM
227=Y0OUR PAYROLL NUMBER

DESCRIPTION OF PLOT CARDS
PLOT CARDS
CARD ONE
CC1
PLOT
CARD TWO
CCi-4 CC 26-35 CC 41-44
NNNN NAME OF SUBTASK
SUBMITTER (4 DIGIT NUMRER)

CARO THREE-N
CCi-1J CC11-20

Y Y
MINIMUM MA X TIMUM
(FLOATING POINT)
(ROCT LOCUS OR ROOT CONTOUR ONLY)
NNNN-VSN NUMBER
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Tasee IT1. CONTR® | = SYSTEM MIDELS

L. CONTINUDUS SYSTEM MNDELS

1. OPEN LOOP
Cx = Ax + Bw
\ﬁ = H x+Gx 4 Fu

2. CLOSED 000
Cx = Ax + Bw
W= Kix + KZX 4+ Dugm
4= Hx + 6x + fu

3. ROOT LOCuys

Cx= Ax + Buw
w= (KIx + K2 %) + (K3x+ KdX)

A, DISC  ETE SYSTEM MMDELS

P

. OPEN LOQP
Aoy = Axn ¥ Bun
%“z HXn* Fun
2. CLOSED Laor
Xntt = Axh t B\AY\
Un= KL xn* DWeom,
‘¢h=' Hxw + Fian
3, POCT LOCLS

Xnty — A Xy ¥ BW“
vz (KLY (K3XW)
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C.

SAMPL FD-NATA SYSTEM MODELS

Le CRISINAL SYSTEM

- 'Cﬂ - y -y c - ™ “Tr -4
ol Fa o X Bg ; _O \&C
T FE R S
X o, Bl |w
! M_\‘ -o ] AAJ -X“d X ) d‘ L D—
- o 1 - | r- - | < . -
Y He O € Fc.' o e
A RS R R PN A
L‘én O ) d x'\ o cI “Wn
- - - -l e L .
2. CONNECTIONS PRICE T OQISCRETIZATION
uc 1 [ ‘6:‘
AN
n - tanj

WHE<F € 1S DEFINEDY 2Y YTUY AND ZTOU AND NEFINES COANECT 1OMS
MADE SEFORE THT POANT 1S DISCRFTIZED (STE TABLE VIT B.)

2. PISCRETIZEN SYSTFEM

- : aF 1 r

%] [emio o [@c-r)s] {cbtv)ec]l Ol ue,
.- = - = = o + -“—---_-_-_ N
d ! '

Lx“".‘ L o ) AA- LXAV\A b o ’ o \ BJ- dn J

- ¢ - f e B o C“ - | | - c‘w
%VJ H_C.l f)_ A + [Fc’] / [Hcsc] [ o \A,‘
- .é. - a : H 4 - - -l' - e - -'- - -.‘.

L%“J LO d] LXQ | O O | 4-_ u“‘

4. CONMECTI NS AFTES DISCIETIZATICN

- - 7 ¢
SR - [k

LW TR 2%

WHESE R IS CFFINED Y YZTOK AND DEFINSS CONNECTICNS MADE AFTEF
T4F PLANT 1€ DISCRFTIZED (SEE TABLE VII B.). FrR RLOT LOCUS.
THE SECOND C CNNEC TION SPECTFIED BY YZTCK (1F ANY) WILL GENFRATE
K3 (SIMILAT 17 K1) NefTNING A SECONC FEFNPACK VARIARLF,
6. FINAL SAMPLEO-DATA SVSTEM
Xent = Axn + Run ERCV 2,
yn = RAXn ¥ Fu,

W = Kl)\“* Dugom“

FRAM 4, ()=1)

% THFESE SUBMATRICFS MAY CONTAIN NCN-ZERC ELEMENTS.
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TABLE IV CNNTROL PROGRAM DATA NECK FORMAT

CARD 1 TITLE CARD FORMAT (10A8)
ANY LITERAL DATA DESIRED TO LABEL ALL PRINTOUTS ANC PLOTS

CARD(S) 2 TO N NAMELIST CODE (SEE APPENDIX 2)
INTEGER VARTABLES
READ, SYSTFM, CUTPUT yMIXED ,DIGITLyFRPS,NUMERS, TRESPyNX4sNY,NUsNXC
NUC s ZOH,N1 ,N2,CCNTUR,MULTRT 4 MODEL s NSCALE,CMAT ,NK2, FCRM, IPT, IGO0,
SAV, IFLAG,READ3

REAL VARIABLES
DELT,FINALY, [FREQ,FFREC,DELFRQsGAIN1,GATIN2,M

CARD N+1 AUTPUT LABELS FCRMAT (8A10)
LITERAL DUTPUT VARIABLE LABELS USED TU LABEL PRINTOUTS AND PLOTS.
ORDERED IN SEQUENCE CORRESPCNDING TQ NY CUTPUTS, Y. LEAVE BLANK IF
SYSTEM = 3, Will read the greater of 8 or NY outputs.

CAKD N+2 INPUT LABFLS FCRMAT (8A10)
LITERAL INPUT VARIABLE LABELS USED TO LABEL PRINTOUTS ANLC PLOTS.
ORDERED IN SEQUENCE CORRESPCNDING TC NU INPUTS, U. LEAVFE BLANK IF
SYSTEM = 3, Will read the greater of 8 or NU inputs

CARDI(S) (N+3) TO (M) SYSTEM NATA (SEF TABIE V AND APPENNIX 2)
SYSTEM DATA AS SPECIFIED BRY LOAD,MATRIX,CHANGE,OR CLASS. [IF READ =1,
EACH DATA MATRIX 1S READ ROW-WISE WITH FORMAT (8F10.4) AND EACH
MATRI X MUST BE PRECEDED BY A DIMEASION CARD (FORMAT (2110} ) GIVING
THE NUMBFR OF ROWS AND COLUWMNS CF THE MATRIX,

CARD M+1 TRANSIENT RFSPONSE INPUT DATA
INPUT IS CALLED BY THIST TO GENERATE THE TRANSIENT RESPONSE INPUT
VEC TOR. THE INPUT SUBROUTINE (N THE DISC REANS ONE DATA CARD FAR
EACH RESPOMSE DEFINING A STEP INPUT ON THE NU COMPONENTS 0F THE

augmented and thinned input vector, u. (format(7F10.4))

THE ABOVE CARDS DEFINE CNE CASFE. AS MANY CASES AS DESIRED MAY BF STACKED
TAGETHER FOR A SINGLE CCMPUTER PUN,

TF A PLOT IS REQUESTED THE PLOT CARDS AS DESCRIBED IN TABLE II ARE
REQUIRED
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TABLE V.

DATA REQUIRED BY CONDITION CODES

SIEP 1 READ = 1,2,3
SYSTEM REQUIRED MATRICES
1 QOFEN L 0OOP AyByCyHyGyF
IF MIXED =1, THIS IS STEP 1 OF THF MIXEC LCADING NPTION
? CLOSEN LoOoP AyBsCeHyGyFyK 14K2,D
3 RCOT LNCUS AeByCrK1,K2,K3,K&
IF CMAT = 0 o MATRIX NCT REGQUIRED
IF NK2 =0 K2,K4 MATRIX NOT FEQUIRED
IF DUTPUT = 1 G,F MATRIX NCT REQUIREC
IF QUTPUT = 2 F MATRIX NCT REQUIREC
IF QUTPUT = 3 MATRIX NCT PEQUIREC
TF Ne=0 K3 K4t MATRIX NOT REQUTIRED
SIEP_2 READ = & 3 0R, .
IF MIXFD =1, THIS IS STEP 2 OF THE MIXEC LOACING OPTION
CARD 1 NBLOCK,NIT  FNRMAT (215)
IF NIT = 0 GO TO (%)

CARDS 2-(NBLNCK+1)

NNF CARD PER BLOCK

FORMAT (I2

NUM, TYPE, (CCNNEC( ) 4I1=1,4),N0D, (PARAM(I),]I=1,5)

NLM =
TYPE =
CCNNEC

MOD =
PARAM
GO TO (%

()

sST0P If

BLOCK NUMBER

BLOCK TYPE
= SPECIFIFS INPUTS TC BLGCK.
CONNECTICNS FROM OTHER BLCCKS

(1-10}

SPFCIFY EXTERNAL
SPECIFIES T+AT G(P)

= PARAMETERS NDEFINING

*)

NAME
GRAPH
BLOCK
NUMER
NENOM
GAIM
ITTHINY

MIXED =N

I THINL

UNLESS READ=4

NYTOV4NZTOU,NYZTOK

Y10V
270U
YZTOK

ORIGINAL PAGE IS
OF POOR QU

SEE TABLE VI
FIRST THREE ELEMENTS MAY SPRCIFY
FOURTE ELEMENT MAY

INPUT

IYPE
INTEGER
INTEGER
REAL
REAL
QEAL
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

219

().
IS S-42-,
BLOCKS AS SPECIFIEC IN TABLFE VI

().

1%,5I5,5F10. 4)

Table VI

DR W- TRANSFORM As specified in A

DIMENSICN -

NBLOCK
NBLCCK
NBLOCK
NBLOCK
NBLCCK
S # CF

< # CF

NYT CV X
NZT CU X
NYZTCK

X

o an

X
X
X

QUTPUTS

and SYSTEM =3

INPUTS

2
2

x 2

ECRMAT
515
315
5F1C.4
SF1C. 4
8F10.4
1615

1615
315
215
215
215



TABLE VI TRANSFER FUNCTION STANDARD FCRMS (NIT = 1)

FOR READ = &4 OR MIXED =1 STEP 2, THE CLASS SUBROUTINE ACCEPTS 8LOCK
D IAGRAM TRANSFER FUNCTICNS OF THE FOLLOWING FORMS. (SEE TABLE V. STEP2)

\ K K
i Ke K
3 K%— K
. L K la
(1+ p/o)
’ % K e | b
| Gy kK |a
" @ P/ag(i-r p/b) K |e|b
" 1+2Ugi+%z K {w|S
23,
9 ‘;ii:%?;::;{:f)) ¢ o 2 oo
. (1K+(§:{:)w) e |3 |~
B a+zK%Pp+P}wz |k w Y

*Can consist of two real roots
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TABLE VI (CONT.)

THE STANDARD FORM, G(P), IS INTERPRETED AS AN S-,W-, CR 2-PLANE
TRANSFER FUNCTINN AS SPECIFIED RELOW

MO0 . 1 2
DIGITL

c S T e

1 GUSI,GUZ GIS) ] GW)

2 C(Z) [ G(SH| 6w
IF MUD = © THE TRAMSFER FUNCTICN COEFFICUENTS ARE NCT MCCIFIED

[F MO0 = 1 THE TRANSFER FUNCTION CRITICAL FREGQUENCIES £RE PREWARPED
TO APPROXIMATE THFE S-PLANE FILTER IN THE W~ PLANE AND THEN
TRANSFORMED TN THr 7-PILANF AS DESCRIBED BELOW. FIRST CRCER POLES
AND ZERNES ARE WARPED AS

a = tanh (%:-T)

COMPLEX POLES AND ZERNES ARE WARPED AS

- , L ® W
w, = U, + ?v 3 = - st

w w

where w,, = ""h(Q(T)
cosh (wT) ¢ cas(pT)

.rl'n[pT)
cosh (1) + cvs (BT)
‘N.I”I\ u}‘: “‘ .1,@7'

Vo

-2
5= 5,
IF MDD = 2 THE TRANSFER FUNCTION [S REGARCED AS A W-PLINE TRANSEFR

FUNCT ION AND TRANSENRMED T} THE Z-PLANE RY THE BILINEAR TRANSFORMATION
W o= (L-1)/(2+1)

IF DIGITL =1 AND 0D # O THE TRANSFER FUMNCTICAN CAMCT EE PART OF THF
CONTINUNUS PLANT (T.E. THE INPUT T THE FILTER MUST BRE NUMBERED
HIGHEK THAN NUC AND THE FILTER STATES MUST BE NUMBEREC FIGHFR

THAN NXC)}

[F DIGITL = 1 AND %70 = 7 T+E TRANSFER FUNMCTICN CCEFFICIENTS ARE
NOT MODIFIFD.  THE FUNCTION IS INTERPRETED AS AN S- CR 7- PLANF
FUNCTION DEPENDIMG CN THE KELATICN CF THE FILTER STATES TC NXC.

IF THE FILTER STATFES ARE NUMERED LESS THEN NXC, THEN THE FILTER IS
TREATEND AS PART CF THE CONTINUCLS PLANT. IF THE FILTER STATES ARFE
NUMBERED GREATEK THAN NXC THEN THE FILTER IS TREATEC AS PART OF
NIGITAL CONTRCLLER,

ORIGINAL PAGEE zel
UF POOR QUALITY



TABLE VII

DISCRETIZED PLANYT MCDELS FOR VARIOUS INPUT AND OUTPUT
DEFINITICNS

Ae (%) ynsgns YlnT-e) B. (¥%) YaTynty (NT1€)

CONTINUOUS

x= Ax + Bw

MOD EL
4= Hx+ Fo
SAMPL ED ¢ (1) xnt $(1)80 % ., = 69 PG w
INPUT Xn® n n nti A ¥ "
Yn® Hxy Y= AXnt HBun  (F 20)
zon INeUT | Anp e QL) X3 @E) Bun X1 DU Xnt ®() 8w,
\6 ) \Ax“ \a“s HXnt Fu\

C. (%%%) TIME DELAY \a“lvn)'—:‘-a[(mh"ﬁ] N<Mg1
CONTINUCUS X=Ax +Buw
MODEL \a= \‘\X % FU\
SAMPLED fwar= QU xnt Geén) Bu,
INPUT (F=z 0) %“[m)z Hd)(mT)x,,., + Hd’(MT)BVw—n
Xnyy * ¢‘T) Xn + Q(T) Bun
Zor INPUT \znlh)" H AT X0y + D—? & (~T7)B+ F]V‘nq

*at-m ¢
@lt)’gac““ dr H @) = S’(Mt-_'r)n- L XpT X3 x(m—e)

{ *)
{ %%)

(%% %)

CONTROL ASSUMES Wa® Yn FOR ANY CCNNECTIONS FROM THE
PLANT TO THE DIGITAL CONTROLLER (I.E. PLANT FEECBACK).
CONTROL AS SUMES ‘3,\‘2,2 FOR FINAL SYSTEM OUTPUT CALCU-
LATIONS (TRANSIENT RESPONSES, TRANSFER FUNCTICNS).
MODIFIED Z-TRANSFORM ANALYSIS CAN CONLY BE USED WITH
OPEN LNOP SAMPLED-CATA SYSTEMS.
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TABLE VITII VECTCR NRDERING AND SYSTEM CCNNFCTICN CONVENTINNS FOR

A.

B.

SAMPLED-DATA SYSTEMS

VECTCR ORDERING CONVENTICN

THE COMPONENTS PF THE AUGMENTED VECTCRS U, Xy, ANC Y MUST BFE NRDERED
IN THE FOLLOWING SFQUENCES, (IN STEP 2 CF THE MIXED NPTION, NUMBFR
THE EXTFRNAL INPUTS AND BLCCK QUTPUTS IN THE INDICATEC CRDER)

INPUT VECTOR, U
l. INPUTS TO PLANT FROM ZERO-ORDER-HCLD ELEMENTS (Z0K)
2. TNPUTS TO PLANT FRCM SAMPLERS (NUC-Z0H)
3. INPUTS TO DIGITAL CONTRCLLER (NU-NUC)

STATE VECTOR, X

1. CONTIAUCUS STATES { PLANT,y NXC)
2. DISCRETE STATES (OIGITAL CONTRCLLFR,y, NX~-NXC)

NUTPUT VECTOR, Y

1. PLANT OLTPUTS
2. DIGITAL CONTRCLLER QUTPUTS

SYSTEM CONNECTION CCNVENTT (N

CCNNEC JICN REEINED_IN
G(s) G(s) YTCOV, ZTOU,GRAPH, A
D(3) 0(3) "
66) " —{0(3) "
D() ~ G(s) YZT0K
G‘(S) —_/ — G(S) "
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1 4
READ
N3
~~"
4
Lt 0AD MATRI X CHANGE Ct ASS
) § n i 1 ) |
MIXED
SETUP OPTION
i RACT
o
EIGEN
YES
&NTURH
NO
A
MMRATR |1 FRQRSP
PSD
Y
THIST INPUT
FIGURE 1 FLCW CHART 0OF CNTRLR SUBROUTINE
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DATA TCECK

A
/ 7/8/9 CARD
(
Z//r SLRROUTINE INPUT
*
////ﬁvsuapﬂuvthﬁ CHANGE
¢
SLAPTUTINE MATRIX ]
CPTINNAI SFURCE DECKS
| OR UPDATE CARDS
vars X
JOL CARDS

*OTHER SUPROUTINES AS DESIRED

FIGULRE 2. STRUCTURE CF CCNTRCL DECK



6/7/8/9

*% %xRO0T LOCUS PLOT AXIS CARD{S)**x%

PLOT CARDS

*x%TRANS TENT RESPONSE INPUT
DATA CARC{S) »%xx%

SYSTEM CATA

1
#XRINPUT LARFL CARD*%x

=% %QUTPUT LABEL CARD%*x*

*XENAMELIST CNCEXx%x*

*k%xTTTLE CARD**x

FIGLRE 3. CCNTROL PCRGRAM NATA DECK STRUCTURE

cz

v

$CODE PEAD=L, SYSTEM= 1,0UTPUT=3,NX=4,NY=5,NU=2,
DELT= .0% ,FINALT=10., TFREQ=.5 ,FFRFQ= 100.,DELFRQ=1.11,

1P T=2,$END

FIGURE 4 EXAVMPLE CF DATA ENTRY USING A NAMELIST FORMATY
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D D) D= & & | =6 (9

RN

Mipure .- Sampled-data system bLlock dlagram.

T X
X _/ / o
‘3 r - > r=’ - >
A (BN r _/-> | J
: \é' G w vt } s
— 6 L. /> G(s) %
a.) b.)
y* N
R L/t
Y ! ™ : v
—> &(S) 4 >
Gl p(3) [— N—
)
X

Y r \é
|
— ~1D(3) &l2) &ls) -~
AN
d.)
Filoure .- Typlcal sampled-data systems analyzed hy CONTROL.

227



‘weJIZBTP Mo0[q weqsks BIBp-poldwes pozZT10J08T] -/ S4n3TH

228

* c\?aﬁ



<
Y
a
U.d,\ Al
d 4
\é“ \ﬁ'nﬂ
‘ ¢
w \/\ ““
4
\4( [4
6“ \a“*\
N e # ( TA)T (0T (ot
“\'\-e oy nit e Ny (X3 4\
Ay \ \ 2 -, re, t —
a.)  Time somience of divital controller and plan’.
d 4
e EALNY
\Afiﬂ d
Ve RSN
WA .
N Y a
An -
=+ ANE!
e |
V V 24 (Sa
t — T
! (n+1)7 t—>
h.' TIdealized !'ime seence.
Fieire .- Time seau=nce models for sampled-as’=s Sys' ns
COmPyTATERAL DELAY
/ (- w1, Oog<mgd ‘\\
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gn ‘QM; A
d 4
W VCI
| 4 )
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Figure .- Time sequerice model for sampled-da‘a systems wi“h

corpitational time delay.
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